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(Abstract) 

Much progress has been made in recent years in the development of Computer-Aided 

Design and Computer-Aided Manufacturing (CAD/CAM) tools for engineering design, 

analysis, and manufacturing. Unfortunately, most of these CAD/CAM applications 

were constructed independently and without standardization. In essence, they automate 

a single aspect of design, analysis, or manufacturing and cannot be combined to form a 

cohesive environment, since integration among applications was not addressed during 

the design phase of CAD/CAM application software creation. 

In view of this problem, a novel approach is suggested for software integration of 

applications in a network environment. The distributed integration solution described 

in this dissertation employs a new "integration client/server" relationship, where the 

integration server is the core of the system, providing functions to translate or 

transform data between applications. The integration client consists of an interface 

with the server, a CAD/CAM application, and a user interface with the integrated 

system called the GRIM (GRaphical Interface Manager). There is only one integration 

server in the system, but there may be an unlimited number of clients. 

The solution created for distributed integration is implemented in a Computer-Aided 

Software Engineering (CASE) workbench, geared specifically toward the generation of 

integration systems. This workbench is known as the CAD/CAM CASE Workbench, 

and includes an integration solution as well as standard CASE tools. The integration



solution contains several tools which will aid a system designer in generating 

integration systems for CAD/CAM applications. Included is the distributed integration 

solution described in this dissertation. The distributed integration solution is designed 

to facilitate the semi-automatic generation of an integration system. It consists of an 

integration server at the center of the integration system which manages the exchange 

of data among the integration clients. The integration clients are the CAD/CAM 

applications in the context of the integration system. To use the distributed integration 

solution, the integration system designer will customize portions of the structure charts, 

data dictionary, and module specifications contained in the workbench according to the 

needs of the applications programs and generate C-source code defining the integration 

system. 

Using the distributed integration solution, the user will be able to effect data requests 

for applications, using the GRIM to interact with the system. All data exchanges are 

request driven. In addition to the distributed integration solution, this research includes 

a prototype integrated system which allows data to be requested from one application, 

and translated to a second for display and manipulation. The prototype was tested in a 

distributed environment and the results are described.
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1.0 INTRODUCTION 

Much progress has been made in recent years in the development of Computer-Aided 

Design and Computer-Aided Manufacturing (CAD/CAM) tools for engineering design, 

analysis, and manufacturing. Unfortunately, most of these CAD/CAM applications 

were constructed independently and without standardization. In essence, they automate 

a single aspect of design, analysis, or manufacturing and cannot be combined to form a 

cohesive environment, since integration among applications was not addressed during 

the design phase of CAD/CAM application software creation. Additional refinement of 

individual tools will only provide diminishing returns until the sharing of data, and 

possibly functions, among them is also automated within the framework of an 

integrated environment. 

The problem of software integration is difficult enough to solve on a single platform; 

the existence of software applications residing on different workstations in a network 

configuration significantly complicates the task. The first question addressed in this 

research is "What is an effective integration solution for dissimilar CAD software 

applications in a network environment?" The answer to this question involves CASE 

technology and the second question which arises is "How can successive 

implementations of this distributed integration solution be enabled in a semi-automatic 

fashion using CASE tools?" Although this is the order in which the questions are 

addressed in this dissertation, the overall problem which was resolved is the one which 

deals with the paradigm for generation of integration systems. Figure 1 depicts this 

paradigm and shows a CASE workbench. This workbench contains a toolkit designed 

to facilitate the task of an integration system designer by generating source code which 

describes an integration system. The ultimate goal of this research is to create a CASE 
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workbench capable of generating integration systems. In order to achieve this goal, it 

is necessary to develop a scheme for integration in a network environment which will 

lend itself to development into a set of CASE tools. 

While the ultimate idea of CASE is to be able to specify design requirements and 

generate source code from those specifications, the state of the art has not quite reached 

that point. In reality, there may be some necessary degree of manual interaction in the 

development process, be it writing pseudo-code or actual code, even though the overall 

code structure may be generated. The function of a CASE tool is to leverage the 

development process, ideally automating it, but not necessarily. This is a critical point 

because integration may require, on the part of the integration system designers, in- 

depth knowledge of all applications targeted for incorporation in the system. This 

includes knowledge of the various data structures used in the applications. This 

condition is also imposed by the creators of an earlier integration enabler called the 

Environment for Application Software Integration and Execution (EASIE) [Rowe88]. 

They state "[data specific information] can only be provided by the program experts or 

application programmers who are intimately familiar with the codes being integrated." 

They also state that "no software tools can substitute for this knowledge." 

Though development of the initial system relies heavily on knowledgeable individuals, 

maintenance of the resulting system will not require the same expertise, since the 

system will have been analyzed, designed, and implemented with the aid of a 

CAD/CAM CASE Workbench [Penn91]. The CAD/CAM CASE Workbench is a 

CASE workbench which has been modified to include a toolkit used primarily for the 

generation of integration systems for CAD/CAM applications. Important information 

on the parameters of the integrated system will therefore be available from the database 
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contained in the workbench. In addition, the workbench will enable programmers to 

reverse engineer, at both the design and the analysis levels, the codes to be integrated 

and extract necessary data from them to assist in producing the integrated environment. 

The CAD/CAM CASE Workbench, originally specified by Pennington [Penn91], was 

designed to address the integration of engineering CAD/CAM applications. This is a 

novel approach to integration, considering that there are relatively few commercially 

available CASE systems geared toward the requirements of engineering; the bulk of the 

systems are business related. The CASE Integration Toolkit, contained in this 

workbench, will contain tools to implement the distributed integration solution 

described in this document. These tools will be in the form of generic data flow 

diagrams and structure charts which can be tailored to fit the integrated system through 

use of analysis and design tools and source code generators present in the CASE 

workbench. The resulting integration system will be described by these generic data 

flow diagrams (DFD's) and structure charts, along with other DFD's and structure 

charts created by the integration system designer. The final integration system will be 

generated from these structure charts, module specifications (which describe each 

module of a structure chart), and the data dictionary by using the C-source code 

generator included in the CASE workbench. 

The following discussions explore the question of integration in terms of the integration 

mechanism, the feasibility of a system utilizing this mechanism in a network 

environment, and the ease with which an integration system designer can employ 

specific CASE tools, including the CAD/CAM Integration Toolkit to analyze, design, 

and realize the final integrated system. 
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The research conducted for this dissertation has the following goals: 

1) identify mechanisms for interclient communication for integration 

2) design CASE tools which will facilitate the generation of integration systems for 

CAD/CAM applications in a network environment 

3) create a distributed integration solution which is effective in managing the 

exchange of data among applications in the integration system and which lends 

itself to developments into a set of CASE tools 

4) demonstrate feasibility of the integration solution by using two CAD 

applications running in a distributed environment 

The structure of the dissertation is as follows: a survey of pertinent literature which 

explores past work on the integration of CAD/CAM applications and CASE tools as a 

means to achieve integration, an overview of how the integration solution created in 

this research will fit into the CAD/CAM CASE workbench philosophy, an in-depth 

description of the integration solution, a discussion of the development process for the 

integration process explained using data flow diagrams, a discussion of the format of 

the tools created to effect the integration solution, and concluding remarks about the 

research presented in this dissertation. This is followed by details on the 

implementation of the distributed integration solution and a prototype integration 

system using this workbench for two aircraft design CAD programs. 
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2.0 LITERATURE REVIEW 

The literature related to the integration of CAD/CAM applications is extensive and 

varies with respect to the levels of integration achieved. A few relevant papers are 

reviewed here. 

2.1 Integration of CAD/CAM Applications 

In July 1990 Pennington [Myk190] conducted an industry-wide survey on integration. 

The survey results indicated that there does not seem to be a consensus on the exact 

interpretation of the term "integration". To some of the respondents, integration meant 

the sharing of information (data) among applications, even if that required the manual 

reentry of data. Pennington points out that of the respondents to the CAD/CAM 

integration survey, those who reported the most successful and flexible systems were 

companies who employed a common database to effect the integration. Two further 

conclusions obtained from the survey show that source code is readily available for 

most of the CAD/CAM applications targeted for integration. This availability is a 

result of in-house development of much analysis code. Furthermore, it was found that 

there is a growing trend in companies toward stand-alone workstations in a networked 

environment. 

To date, most of the work on integration has been done using neutral formats such as 

IGES (Initial Graphics Exchange Specification). Liewald and Kencott [Liew82], 

though advocates of integration using such formats, were also cognizant of the 

limitations of this method on the goal of total integration. According to a report 

prepared by the Boeing Commercial Airplane Company [Brau85], some of the more 
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serious IGES flaws include its inefficient file structure, its inflexible data definitions, 

and its orientation toward graphical representation of a product's design. Farish 

[Fari90] conveys some of the frustration companies face when using neutral formats. 

He reports on five experimental projects sponsored by the SMMT (Society of Motor 

Manufacturers and Traders) which were conducted among several well-known British 

companies. The goal of the test was to swap CAD information in the best-known data 

exchange format, IGES. Farish reports that although "IGES can handle geometry, it is 

not reliable at maintaining the integrity of associated information." 

In response to the need to resolve the limitations of IGES, a formal study called the 

PDES Initiation Effort was begun in 1985 [Furl90]. The objective of PDES (now 

called the Product Data Exchange using STEP) is to develop a neutral exchange 

medium capable of completely representing product data. STEP is the proposed 

international exchange standard. Unfortunately, the PDES exchange standard will not 

be available until sometime after 1995, and therefore does not address the immediate 

need for a solution to integration problems. 

As a result of the disappointing results obtained with neutral formats, the recent trend 

has been towards other means of integration, mainly databases. Encarnacao [Enca90] 

contends that when contrasted with classical file systems (where every file contains data 

whose structure matches exactly the requirements of one specific application program), 

database systems provide for the integration of data for all applications within a 

corporation. Furthermore, data redundancy, which causes storage overhead and update 

problems, is avoided and only a minimum of data must be replicated by the system. 
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Several specific and sophisticated examples of integration via database exist. Fenves et 

al. [Fenv90] developed an integrated software environment for building design and 

construction which integrates seven independent, computational programs. They claim 

that integrated systems in industry achieve a high level of data integration by tieing 

CAD/CAM software and analysis programs together through a shared database - a 

premise which they use in the development of their integrated system. Colton and 

Dascanino [Colt91] designed and implemented an integrated, intelligent design 

environment. The system enables the engineer to design custom mechanical parts and 

store related data in a database which is checked by an expert system to ensure 

manufacturability and assembly. It is important to note that this is a dedicated 

integrated system, meaning that only tools employed in mechanical design are included 

in this environment. Lu, Myklebust, and War [Lu86] developed an interface which 

writes geometric representations of helicopters directly into a computer-aided design 

system database via the Geometry Interface Module (GIM). This system is an excellent 

example of proprietary interface use as well, since the geometric models described by 

the analysis portion of the integrated system were subsequently viewed in CADAM. 

Reiss [Reis90] introduced a method of integration which combines message passing in a 

UNIX environment with databases. The major disadvantage of Reiss' approach is that 

to add new tools to the system, it may be necessary to modify existing tools to be able 

to interpret the new messages generated by the additional programs. Meyers [Meye91] 

comments on this fact in his article and expands his discussion to cover canonical 

representations of data structures, wherein a common structure for all data models 

exists. The idea of having all tools operate on the same data structures is attractive; 

however, in order to implement this in an integration scheme, existing applications 

must be rewritten to utilize the new data representation. Although this type of 

representation may be useful in the future, it does not address the current needs of the 
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system integrator. According to Christman [Chri84], automobile companies are prime 

users of integrated CAD/CAM systems with common databases. He contends that this 

approach allows several engineers to access design data and work on the same part 

simultaneously. This type of database interaction enables designers to practice 

concurrent engineering. As an example of the effectiveness of concurrent engineering, 

Chrysler has reported productivity improvements that range from 4:1 to as high as 

70:1. 

Although it seems that a great deal of success has been achieved by companies who 

take advantage of common databases, it is only fair to admit that no comprehensive 

database solution exists at the moment. Commercially available relational databases are 

not equipped to meet the demands of an engineering application. Part of the reason for 

this was addressed by Kim, Lorie, McNabb, and Plouffe [Kim84] who state that the 

primary difference between transactions in an engineering environment and those in 

conventional business applications is that an engineering transaction typically lasts 

much longer and can effectively disable the database from being accessed by any other 

user of the application. Kim et al. look at solving this problem by imposing the view 

that a long-lived engineering transaction is really a sequence of conventional short-lived 

transactions. A second problem with relational databases, as applied to engineering, is 

the lack of accurate data models. Guting [Guti89] looks at this problem in a paper 

where he describes the development of Gral, a relational database system that is 

extensible by user-defined data types and operations. Extensions needed for geometric 

database systems are addressed. As Date makes clear in his book on database systems 

[Date89], CAD/CAM is still considered a relatively new area of application for 

database technology, and research in the area is being vigorously pursued. 
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While work is being done in the area of engineering databases, some research is 

focusing on the development of tools with which to effect the integration. One such 

example is a paper by Jayaram and Myklebust [Jaya90] describing a method by which 

an expert system generates interfaces semi-automatically between application programs 

and CAD systems. The system then creates an accurate parametric representation of 

the solid geometry and places it in the CAD database. A second example is EASIE 

[Rowe88], which provides a methodology and a set of utility routines for a design team 

to build, maintain, and apply CAD systems consisting of large numbers of diverse 

stand-alone analysis codes. EASIE contains a centralized database in which data 

common to applications in the system is stored. This system addresses applications that 

run as batch programs on Digital Equipment Corporation (DEC) VAX computers. 

2.2 CASE and Its Role in Integration 

Carma McClure [Mccl89] defines computer-aided software engineering as the 

automation of software development. According to McClure, the basic idea behind 

CASE is to provide a set of well-integrated, laborsaving tools which link and automate 

all phases of the software life cycle. Traditionally the software life cycle consists of 

analysis and specification of requirements, design, implementation and coding, test and 

release, and maintenance. The following definitions from McClure are pertinent to this 

discussion on CASE: 

- CASE tool - a software tool that automates (at least in part) a particular 

software life cycle task. 

- CASE toolkit - a set of integrated CASE tools that have been designed to work 

together and to automate (or partially automate) a phase of the software life 

cycle or a particular software job class. 
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- CASE workbench - a set of integrated CASE tools that have been designed to 

work together and to automate (or provide automated assistance for) the entire 

software life cycle, including analysis, design, coding, and testing. 

It is important at this point not to confuse the terms "integration using CASE tools" and 

"integration of CASE tools". In this dissertation, the former refers to the process of 

employing CASE tools specifically created for aiding system designers in achieving the 

integration of dissimilar CAD/CAM software into a cohesive design environment. The 

latter refers to the current goal in CASE where the software engineering environment is 

integrated by defining a framework, or integrated project support environment (IPSE), 

into which CASE tools fit together. A database, or repository, is part of the 

framework, and this addition allows all phases of the design cycle to access information 

about each other, keeping redundancy to a minimum. Several existing CASE tools are 

reviewed in articles by Smith [Smit90] and Oman [Oman90]. 

Marshall and Van Dyne [Mars86] discuss a design accelerator and integrator called 

DesignCenter, developed by Hewlett-Packard. This again is an example of a dedicated 

system, although it exists in an environment in which integrated design and CASE 

tools are used in conjunction to design hardware and software for micro-processor 

development. In research reports to the IBM corporation [Myk190-1,Myk190-2] and a 

dissertation [Penn91], Pennington presents a new approach to the integration of 

CAD/CAM application programs. Outlined are the requirements for a CASE 

workbench and toolkit to effect the integration of CAD/CAM applications. 
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2.3 Summary 

The literature review suggests that an integrated design environment is key to 

productivity and competitive vitality. It is clear that although many attempts have been 

made to provide integrated systems, the tools for producing an integration system for 

CAD/CAM applications are lacking. 
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3.0 THE CAD/CAM CASE WORKBENCH 

The work presented in this dissertation is, in part, based on research conducted by 

Pennington [Penn91]. It is the purpose of this chapter to lay the groundwork for the 

discussions which follow, by outlining requirements which apply to the CAD/CAM 

CASE Workbench defined by the document cited above. Many of the criteria initially 

specified for the workbench are used as assumptions and boundary conditions in this 

research. The most significant will now be discussed. 

3.1 CAD/CAM CASE Workbench Background 

Pennington describes a CAD/CAM CASE Workbench consisting of a combination of 

commercial and custom tools. A product known as Teamwork from CADRE 

Technologies is specified as the backbone of the CAD/CAM CASE Workbench. The 

Teamwork product includes a structured analysis tool, a structured design tool, and a 

C-source code builder. In addition to the Teamwork tools, a CASE Integration 

Toolkit, a High-level Autonomous Integration Model (HAIM), Interleaf Technical 

Publishing Software, and an integration framework supplied by the IBM Corporation 

were specified for the workbench. For the research conducted in this dissertation, the 

HAIM was used as a Starting point for multi-platform integration ideas. The resulting 

integration system generation method is not represented in the CASE workbench as a 

separate entity. Instead, the definition of the CASE Integration Toolkit, developed at 

Virginia Tech, has been expanded to include all tools and conceptual models necessary 

for the creation of an integration system. Furthermore, the IBM Workstation 

Integration Framework has been replaced by CADRE Technologies’ integrated project 
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support environment (IPSE) following the suggestion of IBM-Manassas. An updated 

diagram of the workbench components appears in Figure 2. 

3.2 Purpose of the CAD/CAM CASE Workbench 

The goal of the workbench is to leverage the task of an integration system designer by 

providing him with integration tools in a CASE environment. Aside from the tools 

normally found in a CASE workbench, a CASE CAD/CAM Integration Toolkit is 

included. This toolkit contains several implements geared uniquely toward the creation 

and establishment of an integrated system from dissimilar CAD and CAM applications. 

One element of the toolkit is an analyzer, initially conceived and designed by 

Pennington. The analyzer is currently under modification to enable it to characterize 

not only those applications whose source code is available, but also applications whose 

source code is not. For those without source code, characteristics of input and output 

data must be known. In this case, the analyzer will accept input from the integration 

system designer as to the kinds of data to expect in an output or input file. 

Specifications of this type will enable the analyzer to categorize the data found in a file 

targeted for analysis. Because of this, it is conceivable for applications whose code has 

been modified to coexist in the integrated system with applications that can only be 

accessed through file I/O. More specifics on how this will be achieved will be given in 

the section on the distributed integration solution and in the section describing the 

CASE Integration Toolkit in terms which relate directly to the distributed integration 

solution. 

Once information about the application has been extracted, the data which describe the 

analyzed application are placed in the CAD/CAM CASE Workbench database. The 
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types of data extracted are documented by Pennington [Penn91]. Research is underway 

on the structuring and use of these data. At this point, the structured analysis and 

design tools of the CASE workbench can be used independently or in conjunction with 

other tools in the Integration Toolkit to design a final integrated system. In addition to 

the Integration Object Analyzer, there are several other tools which together form the 

Network Environment Integration System Enabler. The system enabler consists of data 

flow diagrams, structure charts, and related source code, which will assist an 

integration system designer in creating a complete distributed integration system. In 

order to evaluate the tools in this toolkit, it is important to define the meaning of 

integration as employed in the workbench. 

3.2.1] Categories of Integration 

There are a number of techniques used to integrate applications into a cohesive 

environment. These techniques can be generalized to fit into one of four categories 

[Rowe88], [Penn91]: 

1) Rigidly connected interfacing 

2) Rigidly connected coupling 

3) Freely connected interfacing 

4) Freely connected coupling 

The term interfacing implies indirect data communication among programs which rely 

on an intermediate link to properly format the data. Coupling, in contrast, often 

implies the use of a database as a means of sharing and exchanging data. 

Rigidly connected applications are those which are coupled or interfaced in such a 

manner that updates or additions to one or more of the applications mandate a 
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reworking of the other applications in the connected system. As an example of rigidly 

connected interfacing, consider a pair of applications where one application has been 

modified or designed to produce an output file in the form of the input file expected by 

the second application. Applications which employ rigidly connected coupling may 

appear to the user a single application, where desirable aspects of the applications have 

been extracted from their original location and restructured to work in unison. This 

method would require a common data structure to be used among the different 

components, in addition to being difficult to achieve. 

Freely connected applications are those which are interfaced or coupled in a way which 

is independent of the process by which they were developed. In other words, 

applications can be independently added to or deleted from a system without affecting 

the structure of other applications in the system. An example of a freely connected 

interface is a neutral file format such as IGES or PDES. Freely connected coupling, on 

the other hand, allows applications to share data via a common database. For 

communication to occur, some sort of database management system is necessitated. 

This means that the applications themselves need to be modified in order to send and 

retrieve information from the database and its manager. 

As was ascertained in the literature review, Pennington's industrial survey [Penn91] 

indicated that there is no consensus of the exact meaning of the term "integration". 

Because of this ambiguity, criteria for the CAD/CAM CASE Workbench were 

established to include the potential of generating an integrated system using any of the 

aforementioned integration schemes. The selection of the appropriate scheme is to be 

left to the integration system designer, based on the structure of the applications to be 

integrated and the desired end result. In an effort to facilitate the task of an integration 
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system designer, this research presents a distributed integration solution, employed by 

the CASE Integration Toolkit, which enable an integration system designer to develop 

systems which utilize rigidly connected interfacing, freely connected interfacing, or 

freely connected coupling. Although rigidly connected coupling is not specifically 

addressed by the distributed integration solution, the use of the analyzer in conjunction 

with the structured analysis and structured design tools of Teamwork will facilitate the 

creation of an integration based on this philosophy. Any of the other three integration 

methods can also be employed by using the Integration Object Analyzer and the CASE 

tools. The end product, the complete integrated system, will reside in one operating 

system immediately after creation. Various components can then be ported to other 

platforms, if desired. 
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4.0 THE DISTRIBUTED INTEGRATION SOLUTION 

The term "distributed integration solution" implies an integration solution conceived for 

use in a distributed environment. A key goal of the distributed integration solution is 

to create a mechanism for integration which will be valid in a network environment, as 

well as one which will lend itself to development into a set of CASE tools based on the 

same distributed integration solution. 

The requirements of the distributed integration solution are: 

- possible database access and storage of pertinent CAD data 

- inter-application communication 

- applications running in a distributed and simultaneous environment 

- functional access of other applications in the integrated environment without 

terminating the session on the current application 

- transfer of data among applications via database and interclient communications 

- a system executive which oversees and manages interclient and database 

interactions 

It is necessary to clarify a few terms used in the requirements stated above. The system 

executive which will oversee interclient and database communications will be called the 

integration server. It will be described in detail as the discussion progresses. 

Furthermore, interclient refers to the data exchange among the applications in an 

integrated system. 

Using the requirements above as a starting point, several approaches to the problem of 

interprocess communication were considered as a basis for the distributed integration 

solution. One way of enabling two applications to communicate over a network is by 

using the X Protocol. The X Protocol runs above any lower-level network protocol 

The Distributed Integration Solution 19



�t�h�a�t� �p�r�o�v�i�d�e�s� �b�i�d�i�r�e�c�t�i�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�d� �c�a�n� �d�e�l�i�v�e�r� �u�n�d�u�p�l�i�c�a�t�e�d�,� �s�e�q�u�e�n�t�i�a�l� 

�b�y�t�e�s� �o�f� �d�a�t�a� �[�N�y�e�9�0�]�.� �X� �p�r�o�v�i�d�e�s� �a� �p�r�e�d�e�f�i�n�e�d� �s�e�t� �o�f� �q�u�e�r�i�e�s� �a�n�d� �r�e�s�p�o�n�s�e�s� �b�e�t�w�e�e�n� 

�t�w�o� �p�r�o�c�e�s�s�e�s�.� �I�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n� �i�n� �X� �i�s� �e�f�f�e�c�t�e�d� �u�s�i�n�g� �a� �m�e�c�h�a�n�i�s�m� �c�a�l�l�e�d� 

�a� �s�e�l�e�c�t�i�o�n�.� �S�e�l�e�c�t�i�o�n�s� �a�l�l�o�w� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�w�o� �c�l�i�e�n�t�s� �o�n� �t�h�e� �s�a�m�e� �X� �s�e�r�v�e�r�.� 

�T�h�e� �X� �s�e�r�v�e�r� �a�c�t�s� �a�s� �a�n� �i�n�t�e�r�m�e�d�i�a�r�y� �b�e�t�w�e�e�n� �u�s�e�r� �p�r�o�g�r�a�m�s� �a�n�d� �t�h�e� �r�e�s�o�u�r�c�e�s� �o�f� �t�h�e� 

�l�o�c�a�l� �s�y�s�t�e�m� �s�u�c�h� �a�s�:� �t�h�e� �s�c�r�e�e�n�,� �k�e�y�b�o�a�r�d�,� �a�n�d� �m�o�u�s�e�.� �I�t� �c�o�n�t�a�i�n�s� �a�l�l� �d�e�v�i�c�e�-�s�p�e�c�i�f�i�c� 

�c�o�d�e� �a�n�d� �i�n�s�u�l�a�t�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s� �f�r�o�m� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �d�i�s�p�l�a�y� �h�a�r�d�w�a�r�e�.� �T�h�e� 

�a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�i�s� �s�c�e�n�a�r�i�o� �a�r�e� �c�l�i�e�n�t�s� �o�f� �t�h�e� �X� �s�e�r�v�e�r�.� �F�o�r� �t�h�e� �p�u�r�p�o�s�e�s� �o�f� �t�h�e� 

�d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n�,� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �s�e�r�v�e�r� �n�e�e�d�e�d� �t�o� �b�e� �d�i�f�f�e�r�e�n�t� �t�h�a�n� 

�t�h�a�t� �o�f� �t�h�e� �X� �s�e�r�v�e�r�.� �I�n�s�t�e�a�d� �o�f� �m�a�n�a�g�i�n�g� �w�o�r�k�s�t�a�t�i�o�n� �r�e�s�o�u�r�c�e�s�,� �a� �s�e�r�v�e�r� �i�n� �t�h�e� 

�d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �n�e�e�d�e�d� �t�o� �m�a�n�a�g�e� �t�h�e� �e�x�c�h�a�n�g�e� �o�f� �d�a�t�a� �b�e�t�w�e�e�n� 

�a�p�p�l�i�c�a�t�i�o�n�s�.� �I�t� �m�a�y� �b�e� �p�o�s�s�i�b�l�e� �t�o� �w�r�i�t�e� �a�n� �e�x�t�e�n�s�i�o�n� �t�o� �t�h�e� �X� �s�e�r�v�e�r� �s�o� �t�h�a�t� �i�t� �i�s� 

�c�a�p�a�b�l�e� �o�f� �m�a�n�a�g�i�n�g� �i�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �h�o�w�e�v�e�r�,� �a� �d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� 

�w�o�u�l�d� �b�e� �a� �r�e�d�u�c�t�i�o�n� �i�n� �e�f�f�i�c�i�e�n�c�y� �i�f� �t�h�e� �s�e�r�v�e�r� �h�a�s� �t�o� �h�a�n�d�l�e� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �o�f� �t�h�e� 

�w�i�n�d�o�w�i�n�g� �s�y�s�t�e�m� �a�s� �w�e�l�l�.� 

�A�n�o�t�h�e�r� �o�p�t�i�o�n� �w�o�u�l�d� �b�e� �t�o� �u�s�e� �t�h�e� �R�e�m�o�t�e� �P�r�o�c�e�d�u�r�e� �C�a�l�l� �(�R�P�C�)� �p�r�o�t�o�c�o�l� �w�h�i�c�h� 

�p�r�o�v�i�d�e�s� �t�h�e� �s�a�m�e� �h�i�g�h�-�l�e�v�e�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �w�h�i�c�h� �a�r�e� �u�s�e�d� �b�y� �t�h�e� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�.� 

�T�h�e� �R�P�C� �p�r�o�t�o�c�o�l� �u�t�i�l�i�z�e�s� �t�h�e� �e�X�t�e�r�n�a�l� �D�a�t�a� �R�e�p�r�e�s�e�n�t�a�t�i�o�n� �(�X�D�R�)� �p�r�o�t�o�c�o�l� �w�h�i�c�h� 

�s�t�a�n�d�a�r�d�i�z�e�s� �t�h�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �d�a�t�a� �p�a�s�s�e�d� �i�n� �r�e�m�o�t�e� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �I�n� �e�f�f�e�c�t�,� 

�X�D�R� �w�i�l�l� �c�o�m�p�e�n�s�a�t�e� �f�o�r� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�a�c�h�i�n�e� �b�y�t�e� �o�r�d�e�r�i�n�g�.� �R�P�C� �r�e�l�i�e�s� �o�n�a� 

�t�r�a�n�s�p�o�r�t� �p�r�o�t�o�c�o�l� �s�u�c�h� �a�s� �T�r�a�n�s�m�i�s�s�i�o�n� �C�o�n�t�r�o�l� �P�r�o�t�o�c�o�l�/�I�n�t�e�r�n�e�t� �P�r�o�t�o�c�o�l� �(�T�C�P�/�I�P�)� �o�r� 

�U�s�e�r� �D�a�t�a�g�r�a�m� �P�r�o�t�o�c�o�l� �(�U�D�P�/�I�P�)� �t�o� �c�a�r�r�y� �m�e�s�s�a�g�e�s� �b�e�t�w�e�e�n� �c�o�m�m�u�n�i�c�a�t�i�n�g� 

�p�r�o�c�e�s�s�e�s�.� �A� �p�r�o�g�r�a�m�m�e�r� �c�a�n� �d�i�v�i�d�e� �a�n� �a�p�p�l�i�c�a�t�i�o�n� �i�n�t�o� �a� �c�l�i�e�n�t� �s�i�d�e� �a�n�d� �a� �s�e�r�v�e�r� �s�i�d�e� 

�a�n�d� �u�s�e� �R�P�C� �a�s� �t�h�e� �m�e�c�h�a�n�i�s�m� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �t�w�o�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� 

�o�n� �t�h�e� �c�l�i�e�n�t� �s�i�d�e� �d�e�s�i�g�n�a�t�e�s� �s�o�m�e� �p�r�o�c�e�d�u�r�e�s� �a�s� �r�e�m�o�t�e�,� �w�h�i�l�e� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�n� �t�h�e� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �2�0



�s�e�r�v�e�r� �s�i�d�e� �i�m�p�l�e�m�e�n�t�s� �t�h�o�s�e� �p�r�o�c�e�d�u�r�e�s� �a�n�d� �d�e�c�l�a�r�e�s� �t�h�e�m� �a�s� �p�a�r�t� �o�f� �t�h�e� �s�e�r�v�e�r� 

�[�C�o�m�e�9�1�]�.� �W�h�e�n� �t�h�e� �c�l�i�e�n�t� �p�r�o�g�r�a�m� �e�x�e�c�u�t�e�s� �o�n�e� �o�f� �t�h�e� �r�e�m�o�t�e� �p�r�o�c�e�d�u�r�e�s�,� �R�P�C� 

�c�o�l�l�e�c�t�s� �v�a�l�u�e�s� �f�o�r� �t�h�e� �a�r�g�u�m�e�n�t�s� �a�n�d� �s�e�n�d�s� �t�h�e�m� �i�n� �t�h�e� �f�o�r�m� �o�f� �a� �m�e�s�s�a�g�e� �t�o� �t�h�e� 

�s�e�r�v�e�r�.� �R�P�C� �t�h�e�n� �a�w�a�i�t�s� �a� �r�e�s�p�o�n�s�e� �a�n�d� �r�e�t�u�r�n�s� �v�a�l�u�e�s� �t�o� �t�h�e� �c�l�i�e�n�t�.� �I�n� �t�h�i�s� �w�a�y�,� 

�c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� �i�s� �c�a�r�r�i�e�d� �o�u�t� �t�h�r�o�u�g�h� �p�r�o�c�e�d�u�r�e� �c�a�l�l�s�.� �A� 

�m�a�j�o�r� �d�i�s�a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �h�i�g�h�-�l�e�v�e�l� �R�P�C� �r�o�u�t�i�n�e�s� �i�s� �t�h�a�t� �t�h�e�y� �a�r�e� �b�a�s�e�d� �o�n� �U�D�P�/�I�P� 

�w�h�i�c�h� �r�e�s�t�r�i�c�t�s� �t�h�e� �R�P�C� �c�a�l�l�s� �t�o� �8�k� �b�y�t�e�s� �o�f� �d�a�t�a�.� �T�h�i�s� �i�s� �r�e�s�t�r�i�c�t�i�v�e� �w�h�e�n� �c�o�n�s�i�d�e�r�i�n�g� 

�t�h�e� �n�a�t�u�r�e� �o�f� �d�a�t�a� �t�r�a�n�s�a�c�t�i�o�n�s� �f�o�r� �C�A�D�/�C�A�M� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�A�n�o�t�h�e�r� �p�o�s�s�i�b�l�e� �m�e�c�h�a�n�i�s�m� �f�o�r� �i�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �i�s� �t�h�e� �N�e�t�w�o�r�k� 

�C�o�m�p�u�t�i�n�g� �S�y�s�t�e�m� �(�N�C�S�)�.� �N�C�S� �e�n�a�b�l�e�s� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�c�e�s�s�e�s� 

�a�c�r�o�s�s� �r�e�s�o�u�r�c�e�s� �i�n� �a� �n�e�t�w�o�r�k� �b�y� �m�a�i�n�t�a�i�n�i�n�g� �d�a�t�a�b�a�s�e�s� �t�h�a�t� �c�o�n�t�r�o�l� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� 

�t�h�e� �r�e�s�o�u�r�c�e�s� �[�I�B�M�9�0�]�.� �N�C�S� �i�s� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �i�n� �t�h�a�t� �t�h�e� �p�r�o�g�r�a�m�s� �a�r�e� �c�a�s�t� �i�n� �t�e�r�m�s� 

�o�f� �t�h�e� �o�b�j�e�c�t�s� �t�h�e�y� �m�a�n�i�p�u�l�a�t�e� �i�n�s�t�e�a�d� �o�f� �t�h�e� �m�a�c�h�i�n�e�s� �w�i�t�h� �w�h�i�c�h� �t�h�e�y� �c�o�m�m�u�n�i�c�a�t�e�.� 

�A�n� �R�P�C� �r�u�n�t�i�m�e� �l�i�b�r�a�r�y� �h�a�n�d�l�e�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �f�o�r� �N�C�S�.� �I�n� �t�h�i�s� �e�n�v�i�r�o�n�m�e�n�t�,� �R�P�C� 

�u�s�e�s� �s�o�c�k�e�t�s� �f�o�r� �i�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �N�C�S� �u�s�e�s� �U�D�P�/�I�P� �d�a�t�a�g�r�a�m�s� �t�o� �s�e�n�d� 

�m�e�s�s�a�g�e�s� �b�e�t�w�e�e�n� �c�l�i�e�n�t�s� �a�n�d� �s�e�r�v�e�r�s�.� �D�a�t�a�g�r�a�m�s� �a�r�e� �u�n�r�e�l�i�a�b�l�e�.� �T�C�P�,� �o�n� �t�h�e� �o�t�h�e�r� 

�h�a�n�d�,� �d�e�f�i�n�e�s� �a� �r�e�l�i�a�b�l�e� �s�t�r�e�a�m� �d�e�l�i�v�e�r�y� �t�h�a�t� �i�s� �u�s�e�f�u�l� �f�o�r� �s�e�n�d�i�n�g� �l�a�r�g�e� �v�o�l�u�m�e�s� �o�f� �d�a�t�a� 

�f�r�o�m� �o�n�e� �c�o�m�p�u�t�e�r� �t�o� �a�n�o�t�h�e�r�.� �U�s�i�n�g� �a�n� �u�n�r�e�l�i�a�b�l�e� �s�y�s�t�e�m� �f�o�r� �v�o�l�u�m�e� �t�r�a�n�s�f�e�r�s� 

�r�e�q�u�i�r�e�s� �p�r�o�g�r�a�m�m�e�r�s� �t�o� �b�u�i�l�d� �e�r�r�o�r� �d�e�t�e�c�t�i�o�n� �a�n�d� �d�a�t�a� �r�e�c�o�v�e�r�y� �i�n�t�o� �t�h�e�i�r� �a�p�p�l�i�c�a�t�i�o�n� 

�p�r�o�g�r�a�m�s�.� 

�S�o�c�k�e�t�s� �w�e�r�e� �c�h�o�s�e�n� �a�s� �t�h�e� �m�e�a�n�s� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�s� 

�a�n�d� �s�e�r�v�e�r� �d�u�e� �t�o� �t�h�e�i�r� �l�o�w�-�l�e�v�e�l� �f�l�e�x�i�b�i�l�i�t�y� �a�n�d� �r�e�l�i�a�b�i�l�i�t�y� �w�h�e�n� �s�t�r�e�a�m� �c�o�n�n�e�c�t�i�o�n�s� �a�r�e� 

�u�s�e�d� �a�b�o�v�e� �t�h�e� �T�r�a�n�s�m�i�s�s�i�o�n� �C�o�n�t�r�o�l� �P�r�o�t�o�c�o�l�/�I�n�t�e�r�n�e�t� �P�r�o�t�o�c�o�l� �(�T�C�P�/�I�P�)�.� �T�h�e� �s�o�c�k�e�t� 

�a�b�s�t�r�a�c�t�i�o�n� �i�s� �a� �p�r�o�d�u�c�t� �o�f� �B�e�r�k�e�l�e�y� �S�o�f�t�w�a�r�e� �D�i�s�t�r�i�b�u�t�i�o�n� �(�B�S�D�)� �a�n�d� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �a� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �2�1



�l�o�w�-�l�e�v�e�l� �a�p�p�l�i�c�a�t�i�o�n�s� �p�r�o�g�r�a�m�m�i�n�g� �i�n�t�e�r�f�a�c�e� �(�A�P�I�)� �f�o�r� �i�n�t�e�r�p�r�o�c�e�s�s� �a�n�d� �n�e�t�w�o�r�k� �I�/�O� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �I�t� �a�l�l�o�w�s� �l�o�c�a�l� �o�r� �r�e�m�o�t�e� �a�p�p�l�i�c�a�t�i�o�n�s� �p�r�o�g�r�a�m�s� �t�o� �s�e�t� �u�p� �a� �v�i�r�t�u�a�l� 

�t�w�o�-�w�a�y� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�a�t�h� �a�n�d� �e�x�c�h�a�n�g�e� �d�a�t�a�.� �T�h�e� �s�o�c�k�e�t� �i�n�t�e�r�p�r�o�c�e�s�s� 

�c�o�m�m�u�n�i�c�a�t�i�o�n� �f�a�c�i�l�i�t�i�e�s� �r�e�s�i�d�e� �o�n� �t�o�p� �o�f� �t�h�e� �n�e�t�w�o�r�k� �f�a�c�i�l�i�t�i�e�s�;� �t�h�u�s� �t�h�e� 

�c�o�m�m�u�n�i�c�a�t�i�o�n�s� �a�r�e� �b�a�s�e�d� �o�n� �a� �r�e�l�i�a�b�l�e� �s�t�r�e�a�m� �c�o�n�n�e�c�t�i�o�n� �p�r�o�v�i�d�e�d� �b�y� �T�C�P�/�I�P�.� 

�S�o�c�k�e�t�s� �a�r�e� �b�a�s�i�c�a�l�l�y� �f�i�l�e� �d�e�s�c�r�i�p�t�o�r�s� �t�o� �w�h�i�c�h� �a�p�p�l�y� �r�e�a�d�,� �w�r�i�t�e�,� �s�e�n�d�,� �a�n�d� �r�e�c�e�i�v�e� 

�s�u�b�r�o�u�t�i�n�e�s�.� �J�u�s�t� �a�s� �p�r�o�g�r�a�m�s� �o�p�e�n� �f�i�l�e�s� �w�h�e�n� �f�r�e�e� �a�c�c�e�s�s� �i�s� �r�e�q�u�i�r�e�d�,� �a�p�p�l�i�c�a�t�i�o�n� 

�p�r�o�g�r�a�m�s� �u�s�i�n�g� �B�S�D� �r�e�q�u�e�s�t� �t�h�e� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m� �t�o� �c�r�e�a�t�e� �a� �s�o�c�k�e�t� �w�h�e�n� �o�n�e� �i�s� 

�n�e�e�d�e�d�.� �T�h�e� �s�y�s�t�e�m� �r�e�t�u�r�n�s� �a�n� �i�n�t�e�g�e�r� �v�a�l�u�e� �w�h�i�c�h� �t�h�e� �p�r�o�g�r�a�m� �w�i�l�l� �u�s�e� �t�o� �a�c�c�e�s�s� �t�h�e� 

�s�o�c�k�e�t�.� �S�o�c�k�e�t�s� �c�a�n� �b�e� �c�r�e�a�t�e�d� �t�o� �w�o�r�k� �i�n� �o�n�e� �o�f� �t�w�o� �d�o�m�a�i�n�s�,� �U�N�I�X� �o�r� �I�n�t�e�r�n�e�t�.� �A� 

�s�o�c�k�e�t� �w�h�i�c�h� �c�o�m�m�u�n�i�c�a�t�e�s� �i�n� �t�h�e� �U�N�I�X� �d�o�m�a�i�n� �c�a�n� �o�n�l�y� �i�n�t�e�r�f�a�c�e� �w�i�t�h� �s�o�c�k�e�t�s� �o�n� �i�t�s� 

�h�o�s�t� �m�a�c�h�i�n�e�,� �w�h�i�l�e� �a�n� �I�n�t�e�r�n�e�t� �s�o�c�k�e�t� �c�a�n� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �s�o�c�k�e�t�s� �o�n� �i�t�s� �h�o�s�t� �a�s� 

�w�e�l�l� �a�s� �o�n� �f�o�r�e�i�g�n� �h�o�s�t�s�.� �I�n�t�e�r�n�e�t� �i�s� �t�h�e� �t�e�r�m� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �t�e�c�h�n�o�l�o�g�y� �w�h�i�c�h� 

�i�n�t�e�r�c�o�n�n�e�c�t�s� �p�h�y�s�i�c�a�l� �n�e�t�w�o�r�k�s� �a�n�d� �m�a�k�e�s� �t�h�e�m� �f�u�n�c�t�i�o�n� �a�s� �a� �u�n�i�t�.� �T�h�i�s� �t�e�c�h�n�o�l�o�g�y� 

�h�i�d�e�s� �t�h�e� �d�e�t�a�i�l�s� �o�f� �n�e�t�w�o�r�k� �h�a�r�d�w�a�r�e� �a�n�d� �p�e�r�m�i�t�s� �m�a�c�h�i�n�e�s� �t�o� �c�o�m�m�u�n�i�c�a�t�e� 

�i�n�d�e�p�e�n�d�e�n�t�l�y� �o�f� �t�h�e�i�r� �p�h�y�s�i�c�a�l� �n�e�t�w�o�r�k� �c�o�n�n�e�c�t�i�o�n�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �c�h�o�i�c�e� �o�f� �s�o�c�k�e�t�s� �a�s� 

�a� �m�e�c�h�a�n�i�s�m� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �i�s� �o�p�e�r�a�t�i�n�g�-�s�y�s�t�e�m� �d�e�p�e�n�d�e�n�t�,� �r�e�c�e�n�t� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� 

�s�o�c�k�e�t�s� �i�n� �s�y�s�t�e�m�s� �o�t�h�e�r� �t�h�a�n� �U�N�I�X�,� �s�u�c�h� �a�s� �I�B�M�'�s� �V�M� �a�n�d� �M�V�S�,� �a�l�l�o�w� �t�h�e� �l�a�t�i�t�u�d�e� 

�n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�i�s� �t�y�p�e� �o�f� �s�o�l�u�t�i�o�n�.� 

�O�t�h�e�r� �r�e�q�u�i�r�e�m�e�n�t�s� �u�s�e�d� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n�,� �i�n�c�l�u�d�i�n�g� 

�t�h�e� �o�n�e�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �a�r�e� �d�e�l�i�n�e�a�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�1�)� �T�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �s�h�o�u�l�d� �b�e� �v�a�l�i�d� �i�n� �a� �n�e�t�w�o�r�k� �e�n�v�i�r�o�n�m�e�n�t�.� 

�2�)� �C�o�m�p�a�t�i�b�i�l�i�t�y� �w�i�t�h� �t�h�e� �X�-�W�i�n�d�o�w� �S�y�s�t�e�m� �i�s� �d�e�s�i�r�e�d�.� 

�3�)� �T�h�e� �e�m�p�h�a�s�i�s� �i�s� �o�n� �i�n�t�e�r�a�c�t�i�v�e� �C�A�D�/�C�A�M� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�4�)� �T�h�e�r�e� �i�s� �a� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �d�a�t�a�b�a�s�e� �s�u�p�p�o�r�t� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �2�2



�5�)� �S�o�u�r�c�e� �c�o�d�e� �f�o�r� �a�p�p�l�i�c�a�t�i�o�n�s� �s�h�o�u�l�d� �n�o�t� �b�e� �a� �r�e�q�u�i�r�e�m�e�n�t�.� 

�6�)� �T�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �i�s� �v�a�l�i�d� �f�o�r� �3� �t�y�p�e�s� �o�f� �i�n�t�e�g�r�a�t�i�o�n� �:� �r�i�g�i�d�l�y�-� 

�c�o�n�n�e�c�t�e�d� �i�n�t�e�r�f�a�c�i�n�g�,� �f�r�e�e�l�y�-�c�o�n�n�e�c�t�e�d� �i�n�t�e�r�f�a�c�i�n�g�,� �a�n�d� �f�r�e�e�l�y�-�c�o�n�n�e�c�t�e�d� 

�c�o�u�p�l�i�n�g�.� 

�T�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �c�r�e�a�t�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �b�a�s�e�d� �o�n� �t�h�e� 

�d�e�f�i�n�i�t�i�o�n� �o�f� �a�n� �"�i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�/�s�e�r�v�e�r�"� �m�o�d�e�l�.� �G�i�v�e�n� �t�h�e� �c�o�n�s�t�r�a�i�n�t� �t�h�a�t� �t�h�e� �m�o�d�e�l� 

�f�o�r� �i�n�t�e�g�r�a�t�i�o�n� �m�u�s�t� �b�e� �v�a�l�i�d� �i�n� �a� �n�e�t�w�o�r�k� �e�n�v�i�r�o�n�m�e�n�t�,� �a� �c�l�i�e�n�t�/�s�e�r�v�e�r� �r�e�l�a�t�i�o�n�s�h�i�p� 

�s�e�e�m�s� �w�e�l�l� �s�u�i�t�e�d� �t�o� �t�h�e� �t�a�s�k�.� �I�n� �t�h�i�s� �a�r�r�a�n�g�e�m�e�n�t�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�s� �a�r�e� �a�c�t�u�a�l�l�y� 

�t�h�e� �C�A�D�/�C�A�M� �a�p�p�l�i�c�a�t�i�o�n�s� �p�r�o�g�r�a�m�s� �w�i�t�h� �a� �s�o�c�k�e�t�-�b�a�s�e�d� �i�n�t�e�r�f�a�c�e� �t�o� �t�h�e� �s�e�r�v�e�r� 

�(�A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e�)� �a�n�d� �a� �g�r�a�p�h�i�c�a�l� �i�n�t�e�r�f�a�c�e� �t�o� �t�h�e� �u�s�e�r� �(�G�R�I�M� �w�i�d�g�e�t�)� �a�p�p�e�n�d�e�d� �t�o� 

�i�t�.� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �a�t� �t�h�i�s� �t�i�m�e� �t�h�a�t� �i�n� �t�h�e� �d�i�s�c�u�s�s�i�o�n� �w�h�i�c�h� �f�o�l�l�o�w�s� �"�a�p�p�l�i�c�a�t�i�o�n�"� 

�r�e�f�e�r�s� �t�o� �t�h�e� �C�A�D�/�C�A�M� �a�p�p�l�i�c�a�t�i�o�n�s� �p�r�o�g�r�a�m� �w�h�i�l�e� �"�c�l�i�e�n�t�"� �r�e�f�e�r�s� �t�o� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �i�n� 

�t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �t�h�e� �t�e�r�m� �c�l�i�e�n�t� �i�m�p�l�i�e�s� �t�h�e� 

�C�A�D�/�C�A�M� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e�,� �a�n�d� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �a�s� �a� �u�n�i�t�.� �T�h�e� 

�i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�s� �a�n�d� �s�e�r�v�e�r� �c�o�m�m�u�n�i�c�a�t�e� �u�s�i�n�g� �s�o�c�k�e�t�s� �a�s� �a� �m�e�c�h�a�n�i�s�m� �f�o�r� �d�a�t�a� 

�e�x�c�h�a�n�g�e�.� �T�h�i�s� �c�o�n�f�i�g�u�r�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.� �N�o�t�e� �t�h�a�t� �c�l�i�e�n�t�s� �o�n� �d�i�f�f�e�r�e�n�t� 

�w�o�r�k�s�t�a�t�i�o�n�s� �c�a�n� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �t�h�e� �s�e�r�v�e�r� �w�h�i�c�h� �r�e�s�i�d�e�s� �o�n� �a� �s�e�p�a�r�a�t�e� �m�a�c�h�i�n�e�.� 

�T�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �i�s� �t�h�e� �a�d�m�i�n�i�s�t�r�a�t�o�r� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�,� �m�e�a�n�i�n�g� �t�h�a�t� �i�t� �i�s� 

�t�h�e� �s�e�r�v�e�r�'�s� �j�o�b� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �a�p�p�l�i�c�a�t�i�o�n�s� �a�r�e� �c�u�r�r�e�n�t�l�y� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �s�y�s�t�e�m� 

�a�n�d� �t�o� �e�n�a�b�l�e� �u�s�e�r�s� �t�o� �i�n�t�e�r�a�c�t� �w�i�t�h� �t�h�o�s�e� �a�p�p�l�i�c�a�t�i�o�n�s� �b�y� �s�p�e�c�i�f�y�i�n�g� �d�a�t�a� �e�x�c�h�a�n�g�e�s�.� 

�T�h�e� �s�e�r�v�e�r� �i�s� �a�l�s�o� �a�n� �i�n�t�e�r�m�e�d�i�a�r�y� �t�h�r�o�u�g�h� �w�h�i�c�h� �a�l�l� �d�a�t�a�,� �i�n�c�l�u�d�i�n�g� �r�e�q�u�e�s�t�s�,� �b�o�u�n�d� �f�o�r� 

�a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �m�u�s�t� �p�a�s�s�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �i�n� �t�h�e� �s�e�r�v�e�r� �w�h�i�c�h� 

�a�c�t�s� �t�o� �c�o�n�v�e�y� �m�o�d�e�l� �d�a�t�a� �i�s� �t�h�e� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n�.� �E�a�c�h� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �s�y�s�t�e�m� �h�a�s� �a� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n� �a�t� �t�h�e� �s�e�r�v�e�r� �w�h�i�c�h� �a�c�c�e�p�t�s� �m�o�d�e�l� �d�a�t�a� �f�r�o�m� �i�t� �a�n�d� 

�t�r�a�n�s�l�a�t�e�s�,� �t�r�a�n�s�f�o�r�m�s�,� �o�r� �r�e�l�a�y�s� �t�h�a�t� �d�a�t�a� �t�o� �a�n�o�t�h�e�r� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �s�y�s�t�e�m�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �2�3
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�T�h�e� �r�e�q�u�i�r�e�m�e�n�t� �f�o�r� �c�o�m�p�a�t�i�b�i�l�i�t�y� �w�i�t�h� �a� �w�i�n�d�o�w�i�n�g� �e�n�v�i�r�o�n�m�e�n�t� �g�o�e�s� �h�a�n�d�-�i�n�-�h�a�n�d� 

�w�i�t�h� �t�h�e� �e�m�p�h�a�s�i�s� �o�n� �i�n�t�e�r�a�c�t�i�v�e� �a�p�p�l�i�c�a�t�i�o�n�s�.� �T�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �i�s� 

�d�e�s�i�g�n�e�d� �t�o� �h�a�n�d�l�e� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �a� �n�e�t�w�o�r�k� �e�n�v�i�r�o�n�m�e�n�t�,� �b�u�t� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �e�x�i�s�t�s� �t�h�a�t� 

�t�w�o� �a�p�p�l�i�c�a�t�i�o�n�s� �c�o�u�l�d� �r�e�s�i�d�e� �o�n� �t�h�e� �s�a�m�e� �w�o�r�k�s�t�a�t�i�o�n�.� �I�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s� �a�r�e� �o�f� �a�n� 

�i�n�t�e�r�a�c�t�i�v�e� �n�a�t�u�r�e�,� �t�w�o� �a�p�p�l�i�c�a�t�i�o�n�s� �c�o�-�e�x�i�s�t�i�n�g� �o�n� �o�n�e� �w�o�r�k�s�t�a�t�i�o�n� �n�e�c�e�s�s�i�t�a�t�e� �a� 

�w�i�n�d�o�w�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e� �X�-�W�i�n�d�o�w� �S�y�s�t�e�m� �w�a�s� �p�r�e�s�c�r�i�b�e�d� �s�i�n�c�e� �i�t� �i�s� �t�h�e� �m�o�s�t� 

�r�e�l�i�a�b�l�e� �a�n�d� �w�e�l�l�-�k�n�o�w�n� �o�f� �s�u�c�h� �s�y�s�t�e�m�s� �t�o� �d�a�t�e�.� �I�n�t�e�r�a�c�t�i�v�e� �a�p�p�l�i�c�a�t�i�o�n�s� �a�r�e� �n�o�t� �t�h�e� 

�o�n�l�y� �t�y�p�e� �w�h�i�c�h� �c�a�n� �b�e� �h�a�n�d�l�e�d� �b�y� �t�h�i�s� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n�.� �I�n� �f�a�c�t�,� 

�p�r�o�g�r�a�m�s� �w�h�i�c�h� �r�u�n� �i�n� �b�a�t�c�h� �m�o�d�e� �a�r�e� �a� �s�i�m�p�l�e�r� �c�a�s�e� �t�h�a�n� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�v�e� 

�c�o�u�n�t�e�r�p�a�r�t�s�,� �s�i�n�c�e� �t�h�e�y� �a�u�t�o�m�a�t�i�c�a�l�l�y� �g�u�i�d�e� �i�n�p�u�t� �d�a�t�a� �t�h�r�o�u�g�h� �t�h�e� �p�r�o�g�r�a�m� �a�n�d� 

�p�r�o�d�u�c�e� �a� �d�e�f�i�n�e�d� �o�u�t�p�u�t�.� �I�n� �a�d�d�i�t�i�o�n�,� �a� �M�o�t�i�f� �w�i�d�g�e�t� �i�n�t�e�r�f�a�c�e� �w�a�s� �s�e�l�e�c�t�e�d� �a�s� �t�h�e� 

�m�e�a�n�s� �b�y� �w�h�i�c�h� �i�n�d�i�v�i�d�u�a�l� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�s� �i�n�t�e�r�a�c�t� �w�i�t�h� �t�h�e� �u�s�e�r�.� �M�o�t�i�f� �i�s�a� 

�g�r�a�p�h�i�c�a�l� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �b�a�s�e�d� �o�n� �t�h�e� �X�-�W�i�n�d�o�w� �S�y�s�t�e�m�.� �T�h�e� �M�o�t�i�f� �t�o�o�l�k�i�t� �s�i�t�s� �a�b�o�v�e� 

�t�h�e� �X�t�I�n�t�r�i�n�s�i�c�s� �t�o�o�l�k�i�t� �w�h�i�c�h� �i�s� �p�a�r�t� �o�f� �X�-�W�i�n�d�o�w�s�.� �F�i�g�u�r�e� �4� �s�h�o�w�s� �h�o�w� �e�a�c�h� �o�f� �t�h�e�s�e� 

�e�l�e�m�e�n�t�s� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �o�t�h�e�r�s�.� �A� �M�o�t�i�f� �w�i�d�g�e�t� �i�s� �a�n� �o�b�j�e�c�t� �w�h�i�c�h� �p�r�o�v�i�d�e�s� �a� �u�s�e�r�-� 

�i�n�t�e�r�f�a�c�e� �a�b�s�t�r�a�c�t�i�o�n�,� �i�n� �o�t�h�e�r� �w�o�r�d�s� �i�t� �c�o�m�b�i�n�e�s� �s�c�r�o�l�l�b�a�r� �w�i�d�g�e�t�s�,� �l�i�s�t� �w�i�d�g�e�t�s�,� �b�u�t�t�o�n� 

�w�i�d�g�e�t�s�,� �e�t�c�.� �t�o� �c�r�e�a�t�e� �a� �c�u�s�t�o�m� �u�s�e�r� �i�n�t�e�r�f�a�c�e�.� �M�o�t�i�f� �w�a�s� �c�h�o�s�e�n� �f�o�r� �i�n�t�e�r�f�a�c�e� 

�d�e�v�e�l�o�p�m�e�n�t� �b�e�c�a�u�s�e� �i�t� �h�a�s� �a� �c�o�n�s�i�s�t�e�n�t� �l�o�o�k� �a�n�d� �f�e�e�l� �a�n�d� �b�e�c�a�u�s�e� �i�t� �i�s� �a� �t�o�o�l�k�i�t� �w�h�i�c�h� 

�a�c�c�o�m�p�a�n�i�e�s� �t�h�e� �X�-�W�i�n�d�o�w�s� �s�o�f�t�w�a�r�e�,� �w�h�i�c�h� �h�a�s� �b�e�e�n� �c�h�o�s�e�n� �a�s� �a� �r�e�q�u�i�r�e�m�e�n�t� �f�o�r� �t�h�e� 

�i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� �S�i�n�c�e� �M�o�t�i�f� �i�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �X�-�W�i�n�d�o�w�s� �s�o�f�t�w�a�r�e�,� �t�h�e�r�e� �i�s� �n�o� 

�n�e�e�d� �t�o� �m�a�n�d�a�t�e� �e�x�t�r�a� �s�o�f�t�w�a�r�e� �w�h�o�s�e� �s�o�l�e� �p�u�r�p�o�s�e� �w�o�u�l�d� �b�e� �t�o� �p�r�o�v�i�d�e� �a�n� �i�n�t�e�r�f�a�c�e�.� 

�A�s� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �3�,� �t�h�e� �p�r�o�p�o�s�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �w�i�l�l� �c�o�n�s�i�s�t� �o�f� �i�n�t�e�g�r�a�t�i�o�n� 

�c�l�i�e�n�t�s� �a�n�d� �s�e�r�v�e�r�s� �i�n� �a� �n�e�t�w�o�r�k�e�d� �w�o�r�k�s�t�a�t�i�o�n� �e�n�v�i�r�o�n�m�e�n�t�,� �w�i�t�h� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �a� 

�c�o�m�m�o�n� �d�a�t�a�b�a�s�e� �u�s�e�d� �t�o� �s�t�o�r�e� �a�n�d� �t�r�a�n�s�f�e�r� �d�a�t�a�.� �N�o�t�e� �t�h�a�t� �t�h�i�s� �i�s� �n�o�t� �t�h�e� �s�a�m�e� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �2�5
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�F�i�g�u�r�e� �4�:� �M�o�t�i�f� �t�o�o�l�k�i�t� �a�b�o�v�e� �X�t�I�n�t�r�i�n�s�i�c�s� �a�b�o�v�e� �X�.� 
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�d�a�t�a�b�a�s�e� �t�h�a�t� �w�a�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �C�A�D�/�C�A�M� �C�A�S�E� �W�o�r�k�b�e�n�c�h�.� �T�h�e� 

�d�a�t�a�b�a�s�e� �i�s� �a�n� �o�p�t�i�o�n�a�l� �m�e�m�b�e�r� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�,� �s�i�n�c�e� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� 

�c�a�n� �f�u�n�c�t�i�o�n� �a�s� �a�n� �i�n�t�e�r�m�e�d�i�a�t�e� �l�i�n�k� �i�n� �t�h�e� �p�r�o�c�e�s�s� �o�f� �d�a�t�a� �e�x�c�h�a�n�g�e� �b�e�t�w�e�e�n� �c�l�i�e�n�t� 

�a�p�p�l�i�c�a�t�i�o�n�s�.� �T�h�e� �m�o�s�t� �l�i�k�e�l�y� �l�o�c�a�t�i�o�n� �f�o�r� �t�h�e� �d�a�t�a�b�a�s�e� �i�s� �a� �m�a�i�n�f�r�a�m�e� �e�n�v�i�r�o�n�m�e�n�t�,� 

�t�h�o�u�g�h� �a� �w�o�r�k�s�t�a�t�i�o�n� �p�l�a�t�f�o�r�m� �w�o�u�l�d� �a�l�s�o� �b�e� �s�u�i�t�a�b�l�e�.� �T�h�e� �m�a�i�n�f�r�a�m�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� 

�w�a�s� �m�a�d�e� �b�e�c�a�u�s�e� �o�f� �t�h�e� �n�e�e�d� �i�n� �i�n�d�u�s�t�r�y� �f�o�r� �a� �r�e�l�i�a�b�l�e�,� �s�e�c�u�r�e� �m�e�a�n�s� �f�o�r� �s�t�o�r�i�n�g� 

�p�r�o�p�r�i�e�t�a�r�y� �d�a�t�a�.� �T�h�i�s� �i�s� �a� �r�e�a�s�o�n�a�b�l�e� �a�s�s�u�m�p�t�i�o�n� �c�o�n�s�i�d�e�r�i�n�g� �I�B�M�'�s� �r�e�c�e�n�t� 

�a�n�n�o�u�n�c�e�m�e�n�t� �o�f� �s�o�f�t�w�a�r�e� �t�h�a�t� �w�i�l�l� �t�r�a�n�s�f�o�r�m� �i�t�s� �m�a�i�n�f�r�a�m�e� �c�o�m�p�u�t�e�r�s� �i�n�t�o� �m�a�s�s�i�v�e� 

�d�a�t�a�b�a�s�e� �s�e�r�v�e�r�s�.� �T�h�e� �s�o�f�t�w�a�r�e� �i�s� �c�u�r�r�e�n�t�l�y� �g�e�a�r�e�d� �t�o�w�a�r�d� �P�C� �a�c�c�e�s�s�,� �b�u�t� �t�h�i�s� 

�a�n�n�o�u�n�c�e�m�e�n�t� �s�h�o�w�s� �t�h�e� �t�r�e�n�d� �t�o�w�a�r�d� �t�h�e� �u�s�e� �o�f� �m�a�i�n�f�r�a�m�e� �c�o�m�p�u�t�e�r�s� �a�s� �i�n�f�o�r�m�a�t�i�o�n� 

�w�a�r�e�h�o�u�s�e�s� �[�P�a�l�l�9�1�]�.� �I�n� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n�,� �t�h�e� �d�a�t�a�b�a�s�e� �w�i�l�l� �m�o�s�t� 

�l�i�k�e�l�y� �b�e� �u�s�e�d� �f�o�r� �d�a�t�a� �s�t�o�r�a�g�e� �a�n�d� �r�e�t�r�i�e�v�a�l�.� �T�h�e� �d�a�t�a�b�a�s�e� �w�i�l�l� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �t�h�e� 

�i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �i�n� �a� �m�a�n�n�e�r� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�s�,� �e�m�p�l�o�y�i�n�g� �a� 

�d�a�t�a�b�a�s�e� �m�a�n�a�g�e�r� �f�o�r� �d�a�t�a� �a�c�c�e�s�s�.� �B�o�t�h� �I�B�M� �V�M� �a�n�d� �M�V�S� �m�a�i�n�f�r�a�m�e� �e�n�v�i�r�o�n�m�e�n�t�s� 

�s�u�p�p�o�r�t� �t�h�e� �s�o�c�k�e�t� �a�b�s�t�r�a�c�t�i�o�n�,� �a�l�t�h�o�u�g�h� �a�s�y�n�c�h�r�o�n�o�u�s� �f�u�n�c�t�i�o�n�a�l�i�t�y� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� 

�i�m�p�l�e�m�e�n�t�.� �I�n� �a�n�y� �c�a�s�e�,� �i�t� �i�s� �n�o�t� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �d�a�t�a�b�a�s�e� �t�o� �u�t�i�l�i�z�e� �a�n� �a�s�y�n�c�h�r�o�n�o�u�s� 

�s�o�c�k�e�t�,� �s�i�n�c�e� �b�l�o�c�k�i�n�g� �s�o�c�k�e�t�s� �w�o�u�l�d� �n�o�t� �h�a�v�e� �a�n� �a�d�v�e�r�s�e� �e�f�f�e�c�t� �o�n� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� 

�t�h�e� �d�a�t�a�b�a�s�e� �o�r� �o�n� �t�h�e� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� 

�W�i�t�h�i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�,� �a�p�p�l�i�c�a�t�i�o�n�s� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �s�o�u�r�c�e� �c�o�d�e� �c�a�n� �c�o�e�x�i�s�t�.� �I�n� 

�t�h�e� �c�a�s�e� �w�h�e�r�e� �a�p�p�l�i�c�a�t�i�o�n� �s�o�u�r�c�e� �c�o�d�e� �i�s� �a�v�a�i�l�a�b�l�e�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �c�a�n� 

�u�t�i�l�i�z�e� �t�h�e� �a�n�a�l�y�z�e�r� �p�r�e�s�e�n�t� �i�n� �t�h�e� �I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t� �t�o� �e�x�t�r�a�c�t� �s�p�e�c�i�f�i�c�s� �a�b�o�u�t� �i�n�p�u�t� 

�a�n�d� �o�u�t�p�u�t� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �a�s� �w�e�l�l� �a�s� �d�a�t�a� �s�t�r�u�c�t�u�r�e�.� �T�h�e� �s�o�u�r�c�e� �c�a�n� �b�e� 

�m�o�d�i�f�i�e�d�,� �o�r� �m�o�r�e� �s�i�m�p�l�y�,� �m�o�d�u�l�e�s� �t�h�a�t� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �w�o�u�l�d� �n�o�r�m�a�l�l�y� �u�s�e� �t�o� �e�x�t�r�a�c�t� 

�d�a�t�a� �f�o�r� �d�i�s�p�l�a�y� �c�a�n� �b�e� �c�a�l�l�e�d� �b�y� �t�h�e� �c�l�i�e�n�t� �m�o�d�u�l�e�s� �w�h�i�c�h� �i�n�t�e�r�f�a�c�e� �w�i�t�h� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� 

�s�e�r�v�e�r�.� �T�h�i�s� �a�l�l�o�w�s� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �t�o� �e�x�p�l�o�i�t� �a�n�y� �i�n�t�e�r�n�a�l� �d�a�t�a�b�a�s�e�s� �o�r� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �2�7



�d�a�t�a� �s�t�r�u�c�t�u�r�e�s� �t�h�a�t� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �m�a�y� �u�t�i�l�i�z�e�.� �I�n� �g�e�n�e�r�a�l�,� �s�o�u�r�c�e� �c�o�d�e� �s�h�o�u�l�d� �n�o�t� �n�e�e�d� 

�m�a�j�o�r� �m�o�d�i�f�i�c�a�t�i�o�n�.� �I�f� �s�o�u�r�c�e� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e�,� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �m�u�s�t� �b�e� �a�b�l�e� �t�o� �p�r�o�d�u�c�e� 

�o�u�t�p�u�t� �f�i�l�e�s� �a�n�d� �r�e�a�d� �i�n�p�u�t� �f�i�l�e�s�.� �I�f� �a� �p�r�o�p�r�i�e�t�a�r�y� �i�n�t�e�r�f�a�c�e� �i�s� �a�v�a�i�l�a�b�l�e�,� �a� �l�a�y�e�r� �b�e�t�w�e�e�n� 

�t�h�e� �c�l�i�e�n�t� �i�n�t�e�r�f�a�c�e� �w�i�t�h� �t�h�e� �s�e�r�v�e�r� �a�n�d� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �c�a�n� �b�e� �b�u�i�l�t� �t�o� �f�a�c�i�l�i�t�a�t�e� �d�a�t�a� 

�e�x�c�h�a�n�g�e� �i�n�t�o� �a�n�d� �f�r�o�m� �a� �c�o�m�m�o�n� �s�t�o�r�a�g�e� �a�r�e�a� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �i�n�t�e�r�f�a�c�e�s�.� �T�h�i�s� 

�c�o�n�c�e�p�t� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �5�.� 

�T�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �m�u�s�t� �b�e� �c�a�p�a�b�l�e� �o�f� �s�u�p�p�o�r�t�i�n�g� �t�h�r�e�e� �t�y�p�e�s� �o�f� 

�i�n�t�e�g�r�a�t�i�o�n�.� �O�n�e� �w�a�y� �i�n� �w�h�i�c�h� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �c�a�n� �b�e� �i�m�p�l�e�m�e�n�t�e�d� 

�i�s� �b�y� �c�r�e�a�t�i�n�g� �a� �f�r�e�e�l�y� �c�o�n�n�e�c�t�e�d� �i�n�t�e�r�f�a�c�e�.� �I�n� �t�h�i�s� �t�y�p�e� �o�f� �s�y�s�t�e�m�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� 

�c�l�i�e�n�t�s� �s�e�n�d� �d�a�t�a� �i�n� �t�h�e�i�r� �o�w�n� �f�o�r�m�a�t� �t�o� �a�n� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� �A�t� �t�h�e� �s�e�r�v�e�r�,� �t�h�e� 

�r�e�c�e�i�v�i�n�g� �C�l�i�e�n�t� �i�s� �d�e�t�e�r�m�i�n�e�d� �a�n�d� �t�h�e� �d�a�t�a� �i�s� �t�r�a�n�s�l�a�t�e�d� �o�r� �t�r�a�n�s�f�o�r�m�e�d� �i�n�t�o� �a� �f�o�r�m�a�t� 

�c�o�m�p�a�t�i�b�l�e� �w�i�t�h� �i�t�s� �d�a�t�a� �s�t�r�u�c�t�u�r�e�s�.� �T�h�e� �d�a�t�a� �i�s� �t�h�e�n� �s�e�n�t� �t�o� �t�h�e� �r�e�c�e�i�v�i�n�g� �c�l�i�e�n�t� �w�h�e�r�e� 

�t�h�e�y� �a�r�e� �d�i�s�p�l�a�y�e�d�,� �a�n�a�l�y�z�e�d�,� �o�r� �s�t�o�r�e�d�.� �I�f� �a� �d�a�t�a�b�a�s�e� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �s�c�h�e�m�e�,� �a�s� �w�a�s� 

�p�r�o�p�o�s�e�d� �e�a�r�l�i�e�r� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�,� �a� �f�r�e�e�l�y� �c�o�n�n�e�c�t�e�d� �c�o�u�p�l�e�d� �r�e�l�a�t�i�o�n�s�h�i�p� �d�e�v�e�l�o�p�s� 

�b�e�t�w�e�e�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s� �w�h�i�c�h� �a�c�c�e�s�s� �t�h�e� �d�a�t�a�b�a�s�e� �v�i�a� �i�n�s�t�r�u�c�t�i�o�n�s� �t�o� �t�h�e� �s�e�r�v�e�r�.� �A�s� �a�n� 

�e�x�a�m�p�l�e� �o�f� �r�i�g�i�d�l�y� �c�o�n�n�e�c�t�e�d� �i�n�t�e�r�f�a�c�i�n�g�,� �c�o�n�s�i�d�e�r� �a�n� �a�p�p�l�i�c�a�t�i�o�n� �w�h�i�c�h� �c�a�n� �o�n�l�y� 

�r�e�c�e�i�v�e� �d�a�t�a� �i�n� �t�h�e� �f�o�r�m� �o�f� �a� �s�t�r�i�c�t�l�y� �d�e�f�i�n�e�d� �i�n�p�u�t� �f�i�l�e�.� �I�n� �a� �n�o�r�m�a�l� �s�y�s�t�e�m�,� �a�n�y� �o�t�h�e�r� 

�a�p�p�l�i�c�a�t�i�o�n� �w�i�s�h�i�n�g� �t�o� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �t�h�e� �i�n�p�u�t�-�r�e�s�t�r�i�c�t�e�d� �a�p�p�l�i�c�a�t�i�o�n� �w�o�u�l�d� �h�a�v�e� �t�o� 

�m�o�d�i�f�y� �i�t�s� �o�u�t�p�u�t� �t�o� �b�e� �s�t�r�u�c�t�u�r�e�d� �l�i�k�e� �t�h�e� �i�n�p�u�t� �f�i�l�e�.� �I�n� �t�h�e� �s�y�s�t�e�m� �b�a�s�e�d� �o�n� �t�h�e� 

�d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n�,� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s� �s�e�n�d� �t�h�e�i�r� �d�a�t�a�,� �a�s� �t�h�e�y� �p�r�o�d�u�c�e� �i�t�,� �t�o� 

�t�h�e� �s�e�r�v�e�r� �w�h�e�r�e� �i�t� �i�s� �r�e�f�o�r�m�a�t�t�e�d� �t�o� �p�r�o�d�u�c�e� �a�n� �i�n�p�u�t� �f�i�l�e� �o�f� �t�h�e� �t�y�p�e� �e�x�p�e�c�t�e�d�.� �A�n� �i�n�-� 

�d�e�p�t�h� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�,� �a�n�d� �t�h�e� 

�c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�t�o�c�o�l� �u�s�e�d� �i�n� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �f�o�l�l�o�w�s�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �2�8
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�F�i�g�u�r�e� �5�:� �C�l�i�e�n�t� �A�P�/�S�O�C�K� �c�o�n�n�e�c�t�e�d� �t�o� �a�p�p�l�i�c�a�t�i�o�n� �b�y� �p�r�o�p�r�i�e�t�a�r�y� �i�n�t�e�r�f�a�c�e�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n



�4�.�1� �T�h�e� �I�n�t�e�g�r�a�t�i�o�n� �C�l�i�e�n�t� 

�I�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �d�i�s�c�u�s�s�i�o�n�,� �e�m�p�h�a�s�i�s� �i�s� �o�n� �a�p�p�l�i�c�a�t�i�o�n�s� �s�u�c�h� �a�s� �C�A�D�,� �C�A�E� �o�r� �C�A�M�.� 

�F�o�r� �s�i�m�p�l�i�c�i�t�y� �t�h�e�y� �a�r�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�s�.� �T�h�e� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t� �c�o�n�s�i�s�t�s� 

�o�f� �t�h�r�e�e� �e�l�e�m�e�n�t�s�:� �a� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�,� �a�n� �A�P�/�S�O�C�K� �(�A�p�p�l�i�c�a�t�i�o�n�/�S�o�c�k�e�t�)� �I�n�t�e�r�f�a�c�e�,� 

�a�n�d� �a� �G�R�I�M� �(�G�R�a�p�h�i�c�a�l� �I�n�t�e�r�f�a�c�e� �M�a�n�a�g�e�r�)� �w�i�d�g�e�t�.� �T�h�i�s� �c�o�n�f�i�g�u�r�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e� �3�.� �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �t�h�e�s�e� �e�l�e�m�e�n�t�s� �t�o� �o�n�e� �a�n�o�t�h�e�r� �a�n�d� �t�o� �t�h�e� �i�n�t�e�g�r�a�t�e�d� 

�s�y�s�t�e�m� �w�i�l�l� �n�o�w� �b�e� �d�i�s�c�u�s�s�e�d�.� 

�T�h�e� �A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e� �a�c�t�s� �a�s� �a� �f�r�o�n�t� �e�n�d� �t�o� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� 

�s�y�s�t�e�m�.� �O�n�e� �o�f� �i�t�s� �p�u�r�p�o�s�e�s� �i�s� �t�o� �i�n�v�o�k�e� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �a�f�t�e�r� �t�h�e� �A�P�/�S�O�C�K� �h�a�s� 

�i�n�i�t�i�a�l�i�z�e�d� �s�o�c�k�e�t�s� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �a�n�d� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� 

�T�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �A�P�/�S�O�C�K� �a�n�d� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �(�e�x�c�l�u�d�i�n�g� �t�h�e� �G�R�I�M� �w�i�d�g�e�t�)� 

�w�i�l�l�,� �f�r�o�m� �n�o�w� �o�n�,� �b�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �A�P�/�S�O�C�K� �a�n�d� �t�h�e� 

�C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �c�o�m�m�u�n�i�c�a�t�e� �v�i�a� �a� �c�o�m�m�o�n� �b�u�f�f�e�r�.� �D�u�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a�n� 

�i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �d�e�f�i�n�e�s� �a� �c�o�m�m�o�n� �b�u�f�f�e�r� �a�r�e�a� 

�t�h�r�o�u�g�h� �w�h�i�c�h� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �t�h�e� �A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e� �i�n�t�e�r�a�c�t�.� �T�h�e� �a�n�a�l�y�z�e�r� 

�c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �C�A�S�E� �I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t� �a�i�d�s� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �i�n� 

�l�o�c�a�t�i�n�g� �c�o�d�e� �r�e�l�a�t�e�d� �t�o� �i�m�p�o�r�t�a�n�t� �d�a�t�a� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �c�o�m�m�o�n� �b�u�f�f�e�r� �s�t�o�r�a�g�e�.� �M�o�r�e� 

�d�i�s�c�u�s�s�i�o�n� �o�n� �h�o�w� �t�h�i�s� �i�s� �a�c�h�i�e�v�e�d� �w�i�l�l� �s�o�o�n� �f�o�l�l�o�w�.� �T�h�o�u�g�h� �t�h�e� �c�u�r�r�e�n�t� �t�r�e�n�d� �i�s� �t�o� 

�d�e�v�e�l�o�p� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�s� �u�s�i�n�g� �t�h�e� �C� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�,� �t�h�e�r�e� �e�x�i�s�t� �a� �l�a�r�g�e� 

�n�u�m�b�e�r� �o�f� �a�p�p�l�i�c�a�t�i�o�n�s� �s�t�i�l�l� �o�n� �t�h�e� �m�a�r�k�e�t� �w�h�i�c�h� �w�e�r�e� �w�r�i�t�t�e�n� �i�n� �e�i�t�h�e�r� �F�O�R�T�R�A�N� �o�r� 

�P�a�s�c�a�l�.� �S�i�n�c�e� �t�h�e� �A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e� �i�s� �C� �b�a�s�e�d�,� �t�h�e� �p�r�o�b�l�e�m� �o�f� �c�o�m�p�a�t�i�b�l�e� �d�a�t�a� 

�b�u�f�f�e�r� �a�r�e�a�s� �f�o�r� �p�r�o�g�r�a�m�s� �w�r�i�t�t�e�n� �i�n� �P�a�s�c�a�l� �a�n�d� �F�O�R�T�R�A�N� �m�u�s�t� �b�e� �a�d�d�r�e�s�s�e�d�.� �P�a�s�c�a�l� 

�a�l�l�o�w�s� �p�o�i�n�t�e�r�s� �t�o� �m�e�m�o�r�y� �l�o�c�a�t�i�o�n�s�.� �T�h�e�r�e�f�o�r�e�,� �a� �l�i�n�k� �b�e�t�w�e�e�n� �t�h�e� �i�n�t�e�r�f�a�c�e� �a�n�d� �a� 

�P�a�s�c�a�l�-�b�a�s�e�d� �a�p�p�l�i�c�a�t�i�o�n� �n�e�e�d� �o�n�l�y� �e�x�c�h�a�n�g�e� �a� �p�o�i�n�t�e�r� �l�o�c�a�t�i�o�n� �r�e�p�r�e�s�e�n�t�i�n�g� �a� �c�o�m�m�o�n� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �3�0



�d�a�t�a� �b�u�f�f�e�r�.� �F�O�R�T�R�A�N�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �p�r�e�s�e�n�t�s� �m�o�r�e� �o�f� �a� �c�h�a�l�l�e�n�g�e�,� �s�i�n�c�e� �i�t� 

�h�i�d�e�s� �m�e�m�o�r�y� �m�a�n�i�p�u�l�a�t�i�o�n�s� �f�r�o�m� �t�h�e� �u�s�e�r�.� �I�n� �t�h�i�s� �c�a�s�e�,� �s�e�v�e�r�a�l� �a�r�r�a�y�s� �c�o�n�t�a�i�n�i�n�g� 

�i�n�t�e�g�e�r� �a�n�d� �r�e�a�l� �v�a�r�i�a�b�l�e�s� �w�i�l�l� �b�e� �s�e�n�t� �a�s� �a�r�g�u�m�e�n�t�s� �t�o� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �f�r�o�m� �t�h�e� 

�i�n�t�e�r�f�a�c�e�.� �T�h�i�s� �i�s� �a� �f�e�a�s�i�b�l�e� �s�o�l�u�t�i�o�n� �s�i�n�c�e� �F�O�R�T�R�A�N� �t�r�e�a�t�s� �a�r�g�u�m�e�n�t�s� �p�a�s�s�e�d� �i�n�t�o� �a� 

�s�u�b�r�o�u�t�i�n�e� �a�s� �p�o�i�n�t�e�r�s�.� �T�h�e� �m�i�x�i�n�g� �o�f� �l�a�n�g�u�a�g�e�s� �p�r�e�s�e�n�t�s� �f�e�w� �p�r�o�b�l�e�m�s� �i�n� �a� �U�N�I�X� 

�e�n�v�i�r�o�n�m�e�n�t�.� 

�T�h�e� �A�P�/�S�O�C�K� �a�n�d� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �a�r�e� �c�o�n�n�e�c�t�e�d� �b�y� �a� �s�o�c�k�e�t� �l�i�n�k� �w�h�i�c�h� �e�n�a�b�l�e�s� �t�h�e� 

�t�w�o� �p�r�o�c�e�s�s�e�s� �t�o� �r�u�n� �i�n� �p�a�r�a�l�l�e�l� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �o�n�l�y� �w�h�e�n� �u�s�e�r� �a�c�t�i�o�n� �a�t� �t�h�e� �w�i�d�g�e�t� �i�s� 

�d�e�t�e�c�t�e�d�.� �B�e�c�a�u�s�e� �t�h�e�y� �r�u�n� �s�e�p�a�r�a�t�e�l�y�,� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �a�b�l�e� �t�o� �e�x�e�c�u�t�e� 

�i�n�d�e�p�e�n�d�e�n�t�l�y�.� �S�i�m�i�l�a�r�l�y�,� �t�h�e� �G�R�I�M� �w�i�d�g�e�t�,� �w�h�i�c�h� �i�s� �e�v�e�n�t� �d�r�i�v�e�n� �i�n� �n�a�t�u�r�e�,� �c�a�n� �u�s�e� 

�i�t�s� �o�w�n� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m� �t�o� �p�o�l�l� �f�o�r� �i�n�c�o�m�i�n�g� �e�v�e�n�t�s�.� �M�o�t�i�f� �w�i�d�g�e�t�s� �a�r�e� �e�s�s�e�n�t�i�a�l�l�y� 

�e�v�e�n�t� �d�r�i�v�e�n�,� �m�e�a�n�i�n�g� �t�h�e�y� �a�w�a�i�t� �e�v�e�n�t�s� �g�e�n�e�r�a�t�e�d� �b�y� �u�s�e�r�s�,� �t�h�e�n� �a�c�t� �o�n� �t�h�e�s�e� �e�v�e�n�t�s�.� 

�T�h�e�r�e� �i�s� �a� �w�a�y� �f�o�r� �a� �w�i�d�g�e�t� �t�o� �b�r�e�a�k� �o�u�t� �o�f� �t�h�e� �e�v�e�n�t� �l�o�o�p�,� �b�u�t� �t�h�i�s� �p�r�o�c�e�d�u�r�e� �i�s� 

�e�f�f�e�c�t�i�v�e� �o�n�l�y� �i�f� �t�h�e� �p�r�o�c�e�s�s� �e�x�e�c�u�t�e�d� �a�f�t�e�r� �t�h�e� �b�r�e�a�k� �t�a�k�e�s� �l�e�s�s� �t�h�a�n� �a� �f�e�w� �s�e�c�o�n�d�s� �t�o� 

�c�o�m�p�l�e�t�e�.� �T�h�i�s� �b�e�i�n�g� �t�r�u�e�,� �t�h�e�r�e� �i�s� �n�o� �e�f�f�e�c�t�i�v�e� �w�a�y� �o�f� �c�o�m�b�i�n�i�n�g� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� 

�w�i�t�h� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �w�i�t�h�o�u�t� �a� �m�a�j�o�r� �o�v�e�r�h�a�u�l� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�'�s� �s�o�u�r�c�e� �c�o�d�e�.� �I�t� 

�i�s� �m�u�c�h� �m�o�r�e� �d�e�s�i�r�a�b�l�e� �t�o� �s�e�p�a�r�a�t�e� �t�h�e� �t�w�o� �c�o�m�p�o�n�e�n�t�s� �a�n�d� �h�a�v�e� �t�h�e�m� �r�u�n� �i�n� �p�a�r�a�l�l�e�l�,� 

�c�o�m�m�u�n�i�c�a�t�i�n�g� �o�n�l�y� �w�h�e�n� �u�s�e�r� �i�n�t�e�r�a�c�t�i�o�n� �i�s� �d�e�t�e�c�t�e�d� �b�y� �t�h�e� �w�i�d�g�e�t�.� 

�I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �a�t� �t�h�i�s� �p�o�i�n�t� �t�h�a�t� �a�l�l� �d�a�t�a�,� �(�w�h�i�c�h� �c�a�n� �b�e� �i�n� �t�h�e� �f�o�r�m� �o�f� �a� �m�e�s�s�a�g�e� 

�o�r� �a�c�t�u�a�l� �i�n�f�o�r�m�a�t�i�o�n�)� �w�h�i�c�h� �o�r�i�g�i�n�a�t�e� �f�r�o�m� �a�n�y� �o�f� �t�h�e� �t�h�r�e�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� 

�i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t� �a�n�d� �w�h�i�c�h� �a�r�e� �b�o�u�n�d� �f�o�r� �t�h�e� �s�e�r�v�e�r�,� �a�r�e� �s�e�n�t� �t�o� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� 

�o�n� �t�h�e� �s�o�c�k�e�t� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �A�P�/�S�O�C�K� �i�n�t�e�r�f�a�c�e�.� �T�h�i�s� �c�o�n�c�e�p�t� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �b�y� 

�F�i�g�u�r�e� �6�.� �T�h�i�s� �f�i�g�u�r�e� �s�h�o�w�s� �c�h�o�i�c�e� �d�a�t�a� �g�e�n�e�r�a�t�i�n�g� �a� �r�e�q�u�e�s�t� �a�t� �t�h�e� �G�R�I�M� �w�h�i�c�h� �i�s� 

�t�r�a�n�s�m�i�t�t�e�d� �t�o� �t�h�e� �A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e�.� �E�i�t�h�e�r� �t�h�i�s� �r�e�q�u�e�s�t� �o�r� �d�a�t�a� �c�o�m�p�i�l�e�d� �i�n� �r�e�s�p�o�n�s�e� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �3�1
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�F�i�g�u�r�e� �6�:� �C�l�i�e�n�t� �d�a�t�a� �r�o�u�t�e�d� �t�h�r�o�u�g�h� �A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n



�t�o� �a� �d�i�f�f�e�r�e�n�t� �r�e�q�u�e�s�t� �c�a�n� �b�e� �s�e�n�t� �t�o� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� �T�h�e� �m�a�i�n� �p�u�r�p�o�s�e� �o�f� �t�h�e� 

�A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e� �i�s� �t�o� �a�c�t� �a�s� �a�n� �i�n�t�e�r�m�e�d�i�a�r�y� �b�e�t�w�e�e�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �a�n�d� 

�t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�,� �a�n�d� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �a�n�d� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� 

�4�.�1�.�1� �A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e� 

�T�h�e� �f�i�r�s�t� �t�a�s�k� �o�f� �t�h�e� �A�P�/�S�O�C�K� �i�n�t�e�r�f�a�c�e� �i�s� �t�o� �c�r�e�a�t�e� �a�n� �a�s�y�n�c�h�r�o�n�o�u�s� �I�n�t�e�r�n�e�t� �s�o�c�k�e�t� 

�f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� �I�n�t�e�r�n�e�t� �s�o�c�k�e�t�s� �a�r�e� �a�b�l�e� �t�o� 

�c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �s�o�c�k�e�t�s� �b�a�s�e�d� �o�n� �a� �f�o�r�e�i�g�n� �h�o�s�t� �t�h�a�t� �a�r�e� �c�o�n�n�e�c�t�e�d� �b�y� �a�n� �I�n�t�e�r�n�e�t� 

�n�e�t�w�o�r�k�.� �N�e�x�t�,� �t�h�e� �i�n�t�e�r�f�a�c�e� �c�r�e�a�t�e�s� �a�n� �a�s�y�n�c�h�r�o�n�o�u�s� �U�N�I�X� �s�o�c�k�e�t� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�w�i�t�h� �t�h�e� �G�R�I�M� �w�i�d�g�e�t�.� �U�N�I�X� �s�o�c�k�e�t�s� �a�r�e� �v�a�l�i�d� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �o�n� �t�h�e� �s�a�m�e� 

�w�o�r�k�s�t�a�t�i�o�n�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �t�h�e� �G�R�I�M� �w�i�d�g�e�t�,� �t�h�o�u�g�h� �i�n� 

�s�e�p�a�r�a�t�e� �w�i�n�d�o�w�s�,� �a�p�p�e�a�r� �o�n� �t�h�e� �s�a�m�e� �w�o�r�k�s�t�a�t�i�o�n�.� �I�f� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �r�u�n� �i�n� 

�b�a�t�c�h� �m�o�d�e� �w�i�t�h� �n�o� �g�r�a�p�h�i�c�s�,� �t�h�e� �o�n�l�y� �i�n�t�e�r�f�a�c�e� �d�i�s�p�l�a�y�e�d� �t�o� �t�h�e� �u�s�e�r� �w�i�l�l� �b�e� �t�h�e� �c�l�i�e�n�t� 

�a�p�p�l�i�c�a�t�i�o�n�'�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �G�R�I�M� �w�i�d�g�e�t�.� �W�h�e�n� �b�o�t�h� �s�o�c�k�e�t�s� �e�x�i�s�t�,� �t�h�e� �A�P�/�S�O�C�K� 

�s�e�n�d�s� �c�o�n�n�e�c�t�i�o�n� �r�e�q�u�e�s�t�s� �t�o� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �a�n�d� �G�R�I�M�.� �T�h�e� �c�l�i�e�n�t� �s�o�c�k�e�t� 

�i�n�t�e�r�f�a�c�e� �w�i�l�l� �w�a�i�t� �t�o� �p�r�o�c�e�e�d� �u�n�t�i�l� �b�o�t�h� �c�o�n�n�e�c�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �a�c�c�e�p�t�e�d�.� 

�W�i�t�h� �c�o�n�n�e�c�t�i�o�n�s� �e�s�t�a�b�l�i�s�h�e�d�,� �t�h�e� �i�n�t�e�r�f�a�c�e� �i�n�v�o�k�e�s� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �p�a�s�s�e�s� �i�t� 

�a�n�y� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �d�e�c�l�a�r�e�d� �a�s� �c�o�m�m�o�n�.� �I�t� �m�a�y� �n�o�t� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� �s�e�n�d� 

�a�r�g�u�m�e�n�t�s� �i�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �C� �b�a�s�e�d�.� �I�n� �t�h�i�s� �c�a�s�e�,� �a� �"�g�l�o�b�a�l� �e�x�t�e�r�n�"� �s�t�a�t�e�m�e�n�t� �w�i�l�l� 

�w�o�r�k�.� �B�u�t�,� �a�s� �p�r�e�v�i�o�u�s�l�y� �d�i�s�c�u�s�s�e�d�,� �P�a�s�c�a�l�-� �a�n�d� �F�O�R�T�R�A�N�-�b�a�s�e�d� �p�r�o�g�r�a�m�s� �w�i�l�l� 

�r�e�q�u�i�r�e� �a�n� �a�r�g�u�m�e�n�t� �l�i�s�t�.� �B�y� �d�e�c�l�a�r�i�n�g� �v�a�r�i�a�b�l�e�s� �f�r�o�m� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� 

�A�P�/�S�O�C�K�,� �t�h�e� �c�o�m�m�o�n� �d�a�t�a� �b�u�f�f�e�r� �i�s� �e�s�t�a�b�l�i�s�h�e�d�.� �I�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �a�c�c�e�s�s� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �s�o�u�r�c�e� �c�o�d�e� �a�n�d� �d�e�l�e�t�e� �i�n�i�t�i�a�l�i�z�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s� �s�i�n�c�e� �t�h�e� �C�A�D� 

�a�p�p�l�i�c�a�t�i�o�n� �i�s� �n�o� �l�o�n�g�e�r� �t�h�e� �c�o�n�t�r�o�l�l�i�n�g� �p�r�o�g�r�a�m�.� �A�f�t�e�r� �i�n�v�o�k�i�n�g� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�,� 

�t�h�e� �i�n�t�e�r�f�a�c�e� �s�e�n�d�s� �a� �r�e�q�u�e�s�t� �t�o� �t�h�e� �s�e�r�v�e�r� �f�o�r� �a� �l�i�s�t� �o�f� �c�l�i�e�n�t�s� �c�u�r�r�e�n�t�l�y� �a�c�t�i�v�e� �i�n� �t�h�e� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �3�3



�i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�,� �f�r�o�m� �w�h�i�c�h� �i�t�s� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �c�a�n� �r�e�q�u�e�s�t� �d�a�t�a�.� �T�h�i�s� �l�i�s�t�,� �w�h�e�n� 

�r�e�c�e�i�v�e�d�,� �i�s� �r�e�l�a�y�e�d� �t�o� �t�h�e� �G�R�I�M� �f�o�r� �d�i�s�p�l�a�y� �a�s� �u�s�e�r� �c�h�o�i�c�e�s�.� 

�B�e�c�a�u�s�e� �a�s�y�n�c�h�r�o�n�o�u�s� �s�o�c�k�e�t�s� �w�e�r�e� �c�r�e�a�t�e�d�,� �a�n� �e�v�e�n�t� �h�a�n�d�l�e�r� �m�u�s�t� �b�e� �e�s�t�a�b�l�i�s�h�e�d� �t�o� 

�c�h�e�c�k� �f�o�r� �i�n�c�o�m�i�n�g� �s�i�g�n�a�l�s�,� �w�i�t�h�o�u�t� �i�n�t�e�r�r�u�p�t�i�n�g� �e�x�e�c�u�t�i�o�n� �o�f� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�.� 

�T�h�e� �n�a�t�u�r�e� �o�f� �a�s�y�n�c�h�r�o�n�o�u�s� �s�o�c�k�e�t�s� �i�s� �t�o� �a�l�l�o�w� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n� �t�o� �b�e� �m�a�n�i�p�u�l�a�t�e�d� 

�b�y� �t�h�e� �u�s�e�r� �u�n�t�i�l� �a� �s�i�g�n�a�l� �i�s� �d�e�t�e�c�t�e�d� �o�n� �o�n�e� �o�f� �t�h�e� �s�o�c�k�e�t�s�.� �O�n�c�e� �a� �s�i�g�n�a�l� �o�c�c�u�r�s�,� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �i�s� �s�u�s�p�e�n�d�e�d� �a�n�d� �t�h�e� �s�i�g�n�a�l� �i�s� �e�v�a�l�u�a�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �o�n� �w�h�i�c�h� �s�o�c�k�e�t� �i�t� 

�o�c�c�u�r�r�e�d� �a�n�d� �w�h�a�t� �i�t� �c�o�n�t�a�i�n�s�.� 

�4�.�1�.�2� �T�h�e� �C�A�D� �A�p�p�l�i�c�a�t�i�o�n� 

�T�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �a�r�e� �i�n�t�e�r�a�c�t�i�v�e� �i�n� �n�a�t�u�r�e�.� �O�n�e� �m�u�s�t� 

�b�e�a�r� �i�n� �m�i�n�d� �t�h�a�t� �b�a�t�c�h� �p�r�o�g�r�a�m�s� �a�r�e� �a� �s�i�m�p�l�i�f�i�e�d� �c�a�s�e� �s�i�n�c�e� �t�h�e�y� �r�e�q�u�i�r�e� �d�e�f�i�n�e�d� �i�n�p�u�t�s� 

�a�n�d� �o�u�t�p�u�t�s�.� �T�h�e�r�e� �a�r�e� �t�w�o� �c�a�s�e�s� �t�o� �c�o�n�s�i�d�e�r�:� �a�p�p�l�i�c�a�t�i�o�n� �s�o�u�r�c�e� �c�o�d�e� �i�s� �a�v�a�i�l�a�b�l�e� �a�n�d� 

�a�p�p�l�i�c�a�t�i�o�n� �s�o�u�r�c�e� �c�o�d�e� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e�.� �T�h�e� �f�o�r�m�e�r� �i�s� �t�h�e� �c�a�s�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�i�s� 

�r�e�s�e�a�r�c�h� �f�o�r� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �a� �p�r�o�t�o�t�y�p�i�c�a�l� �s�y�s�t�e�m�,� �s�i�n�c�e� �i�t� �t�e�n�d�s� �t�o� �b�e� �t�h�e� �m�o�r�e� �c�o�m�p�l�e�x� 

�o�f� �t�h�e� �t�w�o�.� 

�I�n� �t�h�e� �c�a�s�e� �w�h�e�r�e� �a�p�p�l�i�c�a�t�i�o�n� �s�o�u�r�c�e� �c�o�d�e� �i�s� �a�v�a�i�l�a�b�l�e�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� 

�a�n�a�l�y�z�e�s� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �e�a�r�l�y� �s�t�a�g�e�s� �o�f� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�.� 

�B�a�s�e�d� �o�n� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �t�h�e� �a�n�a�l�y�z�e�r�,� �t�h�e� �d�e�s�i�g�n�e�r� �c�a�n� �d�e�f�i�n�e� �d�a�t�a� 

�s�t�r�u�c�t�u�r�e�s� �f�o�r� �t�r�a�n�s�f�e�r� �t�o� �o�t�h�e�r� �a�p�p�l�i�c�a�t�i�o�n� �c�l�i�e�n�t�s� �w�i�t�h�i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� �T�h�i�s� 

�i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�l�s�o� �u�s�e�d� �t�o� �e�s�t�a�b�l�i�s�h� �a� �c�o�m�m�o�n� �d�a�t�a� �b�u�f�f�e�r� �w�h�i�c�h� �l�i�n�k�s� �t�h�e� �c�l�i�e�n�t� �s�o�c�k�e�t� 

�i�n�t�e�r�f�a�c�e� �(�A�P�/�S�O�C�K�)� �w�i�t�h� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�.� �I�t� �i�s� �t�h�r�o�u�g�h� �t�h�i�s� �c�o�m�m�o�n� �d�a�t�a� �b�u�f�f�e�r� 

�t�h�a�t� �t�h�e� �t�w�o� �c�o�m�p�o�n�e�n�t�s� �(�i�n�t�e�r�f�a�c�e� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n�)� �c�o�m�m�u�n�i�c�a�t�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �w�h�e�n� 

�t�h�e�r�e� �i�s� �i�n�c�o�m�i�n�g� �d�a�t�a� �w�h�i�c�h� �m�u�s�t� �b�e� �t�a�k�e�n� �f�r�o�m� �t�h�e� �s�o�c�k�e�t� �b�y� �t�h�e� �A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �3�4



�a�n�d� �s�t�o�r�e�d� �i�n� �a�n� �a�r�e�a� �t�o� �w�h�i�c�h� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �h�a�s� �a�c�c�e�s�s�,� �i�t� �i�s� �t�h�e� �c�o�m�m�o�n� 

�d�a�t�a� �b�u�f�f�e�r� �w�h�i�c�h� �r�e�c�e�i�v�e�s� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n�.� �R�e�c�a�l�l� �t�h�a�t� �o�n�e� �o�f� �t�h�e� �a�s�s�u�m�p�t�i�o�n�s� �m�a�d�e� �i�n� 

�t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �t�h�a�t� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�s� �a�r�e� �o�f� �a�n� �i�n�t�e�r�a�c�t�i�v�e� �n�a�t�u�r�e�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� 

�i�n� �o�r�d�e�r� �t�o� �t�r�a�n�s�f�e�r� �t�h�e� �d�a�t�a� �s�e�n�t� �b�y� �a�n�o�t�h�e�r� �a�p�p�l�i�c�a�t�i�o�n� �t�o� �t�h�e� �d�e�s�i�r�e�d� �m�o�d�u�l�e� �w�i�t�h�i�n� �t�h�e� 

�r�e�c�e�i�v�i�n�g� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�,� �u�s�e�r� �i�n�t�e�r�a�c�t�i�o�n� �i�s� �a� �n�e�c�e�s�s�i�t�y�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �w�i�n�g� �d�a�t�a� 

�m�a�y� �b�e� �r�e�q�u�e�s�t�e�d� �b�y� �a� �C�A�D� �a�i�r�c�r�a�f�t� �d�e�s�i�g�n� �a�p�p�l�i�c�a�t�i�o�n� �t�h�a�t� �p�e�r�f�o�r�m�s� �f�i�n�i�t�e� �e�l�e�m�e�n�t� 

�a�n�a�l�y�s�i�s�.� �W�h�e�n� �t�h�e� �d�a�t�a� �a�r�e� �r�e�c�e�i�v�e�d� �b�y� �t�h�i�s� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e�y� �c�o�u�l�d� �b�e� �i�n� �a� �m�o�d�u�l�e� 

�w�h�i�c�h� �o�n�l�y� �d�i�s�p�l�a�y�s� �t�h�e� �g�e�o�m�e�t�r�y� �a�n�d� �d�o�e�s� �n�o�t� �a�n�a�l�y�z�e� �i�t�.� �T�o� �p�r�o�c�e�e�d� �t�o� �t�h�e� �c�o�r�r�e�c�t� 

�m�o�d�u�l�e�,� �t�h�e� �u�s�e�r� �m�u�s�t� �i�n�t�e�r�a�c�t�i�v�e�l�y� �s�e�l�e�c�t� �m�e�n�u�s� �u�n�t�i�l� �t�h�e� �d�e�s�i�r�e�d� �a�n�a�l�y�s�i�s� �s�e�c�t�i�o�n� �i�s� 

�r�e�a�c�h�e�d�.� �I�t� �i�s� �n�o�t� �l�o�g�i�c�a�l� �t�o� �a�u�t�o�m�a�t�e� �t�h�e� �p�r�o�c�e�s�s� �o�f� �d�a�t�a� �p�l�a�c�e�m�e�n�t� �w�i�t�h�i�n� �a�n� 

�i�n�t�e�r�a�c�t�i�v�e� �a�p�p�l�i�c�a�t�i�o�n�,� �b�e�c�a�u�s�e� �t�h�a�t� �w�o�u�l�d� �b�e� �c�o�n�t�r�a�r�y� �t�o� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�.� 

�A�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�s� �w�h�i�c�h� �r�u�n� �i�n� �b�a�t�c�h� �m�o�d�e� �c�a�n� �a�l�s�o� �b�e� �t�r�e�a�t�e�d� �u�n�d�e�r� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� 

�i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n�,� �s�i�n�c�e� �t�h�e�y� �n�e�e�d� �d�a�t�a� �p�a�s�s�e�d� �d�i�r�e�c�t�l�y� �i�n�t�o� �a� �r�e�c�e�i�v�i�n�g� �m�o�d�u�l�e�,� �a�n�d� 

�s�o� �n�o� �f�u�r�t�h�e�r� �m�a�n�u�a�l� �i�n�t�e�r�a�c�t�i�o�n� �i�s� �n�e�c�e�s�s�a�r�y�.� 

�I�f� �s�o�u�r�c�e� �c�o�d�e� �f�o�r� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e�,� �t�h�e�r�e� �m�u�s�t� �b�e� �a� �w�a�y� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� 

�t�h�e� �o�u�t�p�u�t� �a�n�d� �i�n�p�u�t� �f�i�l�e�s� �s�o� �t�h�e� �I�n�t�e�g�r�a�t�i�o�n� �O�b�j�e�c�t� �A�n�a�l�y�z�e�r�,� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �C�A�S�E� 

�I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t�,� �c�a�n� �b�e� �t�a�i�l�o�r�e�d� �t�o� �f�i�l�t�e�r� �i�m�p�o�r�t�a�n�t� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �t�h�e� �o�u�t�p�u�t� 

�f�i�l�e� �f�o�r� �u�s�e� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �a�n�a�l�y�z�e�r� �m�u�s�t� �b�e� �c�a�p�a�b�l�e� �o�f� 

�a�c�c�e�p�t�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �a�n� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �a�b�o�u�t� �t�h�e� �f�o�r�m�a�t� �o�f� �t�h�e� 

�o�u�t�p�u�t� �f�i�l�e� �i�n� �q�u�e�s�t�i�o�n�.� �T�h�e� �a�n�a�l�y�z�e�r� �c�a�n� �t�h�e�n� �c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �f�i�l�e� �a�n�d� 

�a�l�l�o�w� �f�o�r� �i�t�s� �i�n�c�o�r�p�o�r�a�t�i�o�n� �i�n�t�o� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� 

�s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �c�a�n� �i�n�p�u�t� �d�a�t�a� �t�o� �t�h�e� �a�n�a�l�y�z�e�r� �w�h�i�c�h�,� �i�n� �t�u�r�n�,� �d�e�s�c�r�i�b�e�s� �t�h�e� �k�i�n�d�s� �o�f� 

�d�a�t�a� �w�h�i�c�h� �w�i�l�l� �o�c�c�u�r� �i�n� �a� �t�a�r�g�e�t�e�d� �i�n�p�u�t� �o�r� �o�u�t�p�u�t� �f�i�l�e�.� �H�e� �b�a�s�i�c�a�l�l�y� �s�p�e�c�i�f�i�e�s� �d�a�t�a� 

�t�y�p�e�s� �a�n�d� �f�o�r�m�a�t� �c�o�n�s�t�r�a�i�n�t�s� �f�o�r� �t�h�e� �f�i�l�e� �a�n�d� �t�h�e�n� �u�s�e�s� �t�h�e� �a�n�a�l�y�z�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �e�x�a�c�t�l�y� 

�w�h�a�t� �e�a�c�h� �i�n�p�u�t� �o�r� �o�u�t�p�u�t� �f�i�l�e� �o�f� �t�h�a�t� �t�y�p�e� �c�o�n�t�a�i�n�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �a�p�p�l�i�c�a�t�i�o�n�s� �w�h�i�c�h� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �3�5



�l�a�c�k� �s�o�u�r�c�e� �c�o�d�e� �m�u�s�t� �b�e� �a�b�l�e� �t�o� �a�c�c�e�p�t� �i�n�p�u�t� �i�n� �t�h�e� �f�o�r�m� �o�f� �a�n� �i�n�p�u�t� �f�i�l�e�,� �o�r� �m�u�s�t� 

�e�m�p�l�o�y� �a� �p�r�o�p�r�i�e�t�a�r�y� �i�n�t�e�r�f�a�c�e� �a�s� �a� �m�e�a�n�s� �o�r� �r�e�c�e�i�v�i�n�g� �d�a�t�a� �f�r�o�m� �a�n� �e�x�t�e�r�i�o�r� �s�o�u�r�c�e�.� �I�n� 

�e�i�t�h�e�r� �c�a�s�e�,� �t�h�e� �f�o�r�m�a�t� �o�f� �t�h�e� �i�n�p�u�t� �f�i�l�e�,� �o�r� �t�h�e� �m�e�c�h�a�n�i�s�m� �u�s�e�d� �b�y� �t�h�e� �p�r�o�p�r�i�e�t�a�r�y� 

�i�n�t�e�r�f�a�c�e� �t�o� �r�e�c�e�i�v�e� �d�a�t�a� �m�u�s�t� �b�e� �k�n�o�w�n� �i�n� �o�r�d�e�r� �f�o�r� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n� �t�o� 

�h�a�n�d�l�e� �d�a�t�a� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� �A�n� �a�p�p�l�i�c�a�t�i�o�n� �w�i�t�h�o�u�t� �s�o�u�r�c�e� �c�o�d�e� �i�s� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �b�y� �e�n�c�o�m�p�a�s�s�i�n�g� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� 

�A�P�/�S�O�C�K� �I�n�t�e�r�f�a�c�e� �a�s� �u�s�u�a�l�;� �h�o�w�e�v�e�r�,� �t�h�e� �e�v�e�n�t� �h�a�n�d�l�e�r� �m�u�s�t� �b�e� �s�t�r�u�c�t�u�r�e�d� �i�n�a� 

�s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� �m�a�n�n�e�r�.� �T�h�e� �e�v�e�n�t� �h�a�n�d�l�e�r� �w�i�l�l� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �e�x�t�r�a�c�t�i�n�g� �d�a�t�a� 

�f�r�o�m� �a�n�d� �p�a�s�s�i�n�g� �d�a�t�a� �t�o� �t�h�e�s�e� �a�p�p�l�i�c�a�t�i�o�n�s� �u�s�i�n�g� �o�u�t�p�u�t� �a�n�d� �i�n�p�u�t� �f�i�l�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� 

�w�h�e�n� �d�a�t�a� �i�s� �r�e�c�e�i�v�e�d� �b�y� �t�h�e� �i�n�t�e�r�f�a�c�e� �w�h�i�c�h� �i�s� �d�e�s�t�i�n�e�d� �f�o�r� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� 

�i�n�t�e�r�f�a�c�e� �c�o�n�s�t�r�u�c�t�s� �a�n� �i�n�p�u�t� �f�i�l�e� �a�n�d� �t�h�e�n�,� �i�f� �n�e�c�e�s�s�a�r�y�,� �i�n�v�o�k�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �s�o� �t�h�a�t� 

�t�h�e� �f�i�l�e� �c�a�n� �b�e� �r�e�a�d�.� �I�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �d�o�e�s� �n�o�t� �n�e�e�d� �t�o� �b�e� �r�e�s�t�a�r�t�e�d� �i�n� �o�r�d�e�r� �t�o� �r�e�a�d� �t�h�e� 

�i�n�p�u�t� �f�i�l�e�,� �a� �m�e�s�s�a�g�e� �w�i�l�l� �a�p�p�e�a�r� �i�n� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�'�s� �G�R�I�M� �w�i�d�g�e�t� �i�n�s�t�r�u�c�t�i�n�g� �t�h�e� �u�s�e�r� 

�t�o� �m�a�n�u�a�l�l�y� �t�a�k�e� �s�t�e�p�s� �t�o� �r�e�a�d� �i�n� �a�n� �i�n�p�u�t� �f�i�l�e� �o�f� �t�h�e� �g�i�v�e�n� �n�a�m�e�.� �W�h�e�n� �a�n� �a�p�p�l�i�c�a�t�i�o�n� 

�i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �r�e�q�u�e�s�t�s� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �s�o�u�r�c�e�l�e�s�s� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �c�l�i�e�n�t� 

�a�p�p�l�i�c�a�t�i�o�n�'�s� �w�i�d�g�e�t� �o�n�c�e� �a�g�a�i�n� �i�n�s�t�r�u�c�t�s� �t�h�e� �u�s�e�r� �t�o� �m�a�n�u�a�l�l�y� �c�r�e�a�t�e� �a� �n�a�m�e�d� �o�u�t�p�u�t� 

�f�i�l�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �c�u�r�r�e�n�t� �m�o�d�e�l� �d�i�s�p�l�a�y�e�d� �a�n�d� �g�i�v�e�s� �i�t� �a� �s�p�e�c�i�f�i�c� �f�i�l�e�n�a�m�e�.� �W�h�e�n� �t�h�e� 

�f�i�l�e� �h�a�s� �b�e�e�n� �c�r�e�a�t�e�d�,� �t�h�e� �u�s�e�r� �i�n�f�o�r�m�s� �t�h�e� �w�i�d�g�e�t� �b�y� �s�e�l�e�c�t�i�n�g� �a� �p�r�o�c�e�e�d� �b�u�t�t�o�n� �w�h�i�c�h� 

�a�l�e�r�t�s� �t�h�e� �h�a�n�d�l�e�r� �t�o� �s�e�n�d� �t�h�e� �f�i�l�e� �t�o� �t�h�e� �s�e�r�v�e�r� �f�o�r� �t�r�a�n�s�f�e�r� �t�o� �t�h�e� �r�e�q�u�e�s�t�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�.� 

�T�h�e� �s�t�e�p�s� �p�r�e�v�i�o�u�s�l�y� �o�u�t�l�i�n�e�d� �w�i�l�l�,� �o�f� �c�o�u�r�s�e�,� �d�e�p�e�n�d� �o�n� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� 

�d�e�s�i�g�n�e�r�'�s� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�.� 

�4�.�1�.�3� �T�h�e� �G�R�I�M� �W�i�d�g�e�t� 

�T�h�e� �G�R�I�M� �i�s� �a� �M�o�t�i�f� �w�i�d�g�e�t�-�b�a�s�e�d� �u�s�e�r� �i�n�t�e�r�f�a�c�e�.� �G�i�v�e�n� �t�h�a�t� �M�o�t�i�f� �i�n�t�e�r�f�a�c�e�s� �a�r�e� 

�e�s�s�e�n�t�i�a�l�l�y� �e�v�e�n�t� �d�r�i�v�e�n�,� �w�i�d�g�e�t�s� �a�w�a�i�t� �e�v�e�n�t�s� �g�e�n�e�r�a�t�e�d� �b�y� �u�s�e�r�s�,� �t�h�e�n� �a�c�t� �o�n� �t�h�e�m�.� �I�n� 

�a�n� �e�v�e�n�t� �d�r�i�v�e�n� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� �u�s�e�r� �i�s� �i�n� �c�h�a�r�g�e� �s�i�n�c�e� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �i�s� �a�l�w�a�y�s� �w�a�i�t�i�n�g� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �3�6



�t�o� �r�e�a�c�t� �t�o� �a� �u�s�e�r� �c�o�m�m�a�n�d�.� �A� �f�u�n�c�t�i�o�n� �c�a�l�l�e�d� �X�t�M�a�i�n�L�o�o�p� �c�h�e�c�k�s� �f�o�r� �u�s�e�r� �i�n�p�u�t� �a�n�d� 

�w�o�r�k� �p�r�o�c�e�d�u�r�e�s�.� �W�o�r�k� �p�r�o�c�e�d�u�r�e�s� �a�r�e� �i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �t�h�e� �m�a�i�n� �e�v�e�n�t� �l�o�o�p� �t�o� �b�r�a�n�c�h� 

�f�r�o�m� �e�v�e�n�t� �c�h�e�c�k�i�n�g� �a�n�d� �p�e�r�f�o�r�m� �a� �s�p�e�c�i�f�i�e�d� �f�u�n�c�t�i�o�n� �w�h�e�n� �n�o� �u�s�e�r� �i�n�p�u�t� �i�s� �d�e�t�e�c�t�e�d�.� 

�T�h�i�s� �b�a�s�i�c�a�l�l�y� �m�e�a�n�s� �t�h�a�t� �w�o�r�k� �p�r�o�c�e�d�u�r�e�s� �c�a�n� �o�n�l�y� �b�e� �e�x�e�c�u�t�e�d� �i�f� �u�s�e�r� �i�n�p�u�t� �i�s� �n�o�t� 

�c�o�m�i�n�g� �i�n� �w�i�t�h� �g�r�e�a�t� �f�r�e�q�u�e�n�c�y�,� �o�t�h�e�r�w�i�s�e� �t�h�e� �e�v�e�n�t� �q�u�e�u�e� �g�e�t�s� �p�r�i�o�r�i�t�y�.� �A�n�o�t�h�e�r� 

�c�o�n�c�e�p�t� �t�h�a�t� �i�s� �k�e�y� �t�o� �t�h�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �w�i�d�g�e�t�s� �i�s� �t�h�e� �c�a�l�l�b�a�c�k� �f�u�n�c�t�i�o�n�.� �C�a�l�l�b�a�c�k� 

�f�u�n�c�t�i�o�n�s� �a�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �w�i�d�g�e�t�s� �(�f�o�r� �e�x�a�m�p�l�e�,� �a� �p�u�s�h�b�u�t�t�o�n� �w�i�d�g�e�t�)� �w�h�e�n� �i�t� �i�s� 

�c�r�e�a�t�e�d�.� �T�h�i�s� �e�n�a�b�l�e�s� �a�n� �a�c�t�i�o�n� �t�o� �b�e� �a�s�c�r�i�b�e�d� �t�o� �t�h�e� �w�i�d�g�e�t� �(�f�o�r� �e�x�a�m�p�l�e�,� �q�u�i�t� �p�r�o�g�r�a�m� 

�w�h�e�n� �p�u�s�h�b�u�t�t�o�n� �a�c�t�i�v�a�t�e�d�)�.� �I�f� �a� �w�i�d�g�e�t� �i�s� �m�e�a�n�t� �t�o� �d�o� �s�o�m�e�t�h�i�n�g�,� �i�t� �h�a�s� �a� �c�a�l�l�b�a�c�k� 

�w�h�i�c�h� �i�s� �i�n�v�o�k�e�d� �w�h�e�n� �t�h�e� �w�i�d�g�e�t� �i�s� �a�c�t�i�v�a�t�e�d�.� 

�T�h�e� �G�R�I�M� �w�i�d�g�e�t� �r�u�n�s� �i�n� �p�a�r�a�l�l�e�l� �w�i�t�h� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �(�A�P�/�S�O�C�K� �i�n�t�e�r�f�a�c�e� �a�n�d� 

�C�A�D� �a�p�p�l�i�c�a�t�i�o�n�)�.� �I�t� �i�s� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �A�P�/�S�O�C�K� �o�f� �i�t�s� �o�w�n�i�n�g� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �b�y� 

�a� �s�o�c�k�e�t�,� �s�o� �t�h�a�t� �c�o�m�m�u�n�i�c�a�t�i�o�n� �c�a�n� �o�c�c�u�r� �w�h�e�n� �u�s�e�r� �i�n�t�e�r�a�c�t�i�o�n� �a�t� �t�h�e� �w�i�d�g�e�t� �i�s� 

�d�e�t�e�c�t�e�d�.� �T�h�e� �t�e�r�m� �"�o�w�n�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�"� �i�m�p�l�i�e�s� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �f�o�r� �w�h�i�c�h� �t�h�e� �G�R�I�M� 

�p�r�o�v�i�d�e�s� �a�n� �i�n�t�e�r�f�a�c�e�.� �T�h�e� �s�o�c�k�e�t� �c�o�n�n�e�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �i�n�t�e�r�f�a�c�e�s� �a�l�l�o�w�s� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �t�o� �p�r�o�c�e�e�d� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �m�a�n�a�g�e� �a�n� �e�x�t�e�r�n�a�l� �i�n�t�e�r�f�a�c�e� �f�o�r� �d�a�t�a� �e�x�c�h�a�n�g�e� 

�i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� �T�h�i�s� �c�o�n�f�i�g�u�r�a�t�i�o�n� �m�a�k�e�s� �i�t� �p�o�s�s�i�b�l�e� �t�o� �d�i�s�p�l�a�y� �a� �u�s�e�r� 

�i�n�t�e�r�f�a�c�e� �f�o�r� �t�h�e� �c�l�i�e�n�t� �e�v�e�n� �w�h�e�n� �a�p�p�l�i�c�a�t�i�o�n� �s�o�u�r�c�e� �c�o�d�e� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e� �f�o�r� 

�m�o�d�i�f�i�c�a�t�i�o�n�.� �T�h�e� �k�e�y� �c�o�n�c�e�p�t� �i�s� �t�h�a�t� �t�h�e�r�e� �i�s� �i�n�d�e�p�e�n�d�e�n�c�e� �o�f� �t�h�e� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �w�i�t�h� 

�t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �a�n�d� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�.� �B�e�c�a�u�s�e� �t�h�e�y� �r�u�n� �i�n� �p�a�r�a�l�l�e�l�,� �t�h�e� �C�A�D� 

�a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �w�i�l�l� �b�e� �c�o�n�t�a�i�n�e�d� �i�n� �s�e�p�a�r�a�t�e� �w�i�n�d�o�w�s� �o�n� �t�h�e� 

�w�o�r�k�s�t�a�t�i�o�n�.� �R�e�m�e�m�b�e�r� �t�h�a�t� �t�h�e�y� �w�i�l�l� �b�o�t�h� �b�e� �o�n� �t�h�e� �s�a�m�e� �m�a�c�h�i�n�e� �s�i�n�c�e� �t�h�e� �G�R�I�M� 

�a�n�d� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �a�r�e� �c�o�n�n�e�c�t�e�d� �b�y� �U�N�I�X� �s�o�c�k�e�t�s�.� �T�h�e� �G�R�I�M� �w�i�d�g�e�t�s� �w�i�n�d�o�w� 

�i�s� �n�o�t� �i�n� �a�n�y� �w�a�y� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�'�s� �w�i�n�d�o�w�,� �a�n�d� �t�h�e�r�e�f�o�r�e� �i�t� �i�s� 

�n�e�c�e�s�s�a�r�y� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �b�e�l�o�n�g�s� �t�o� �a� �s�p�e�c�i�f�i�c� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �3�7



�T�h�i�s� �i�s� �d�o�n�e� �b�y� �h�a�v�i�n�g� �t�h�e� �w�i�d�g�e�t� �d�i�s�p�l�a�y� �t�h�e� �n�a�m�e� �o�f� �i�t�s� �o�w�n�i�n�g� �a�p�p�l�i�c�a�t�i�o�n� �a�b�o�v�e� �t�h�e� 

�s�e�l�e�c�t�i�o�n� �l�i�s�t� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �c�l�i�e�n�t� �n�a�m�e�s� �f�o�r� �d�a�t�a� �r�e�q�u�e�s�t�s�.� 

�T�h�e� �G�R�I�M� �w�i�d�g�e�t� �i�s� �b�a�s�i�c�a�l�l�y� �a� �g�e�n�e�r�i�c� �e�n�t�i�t�y� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m�.� �T�h�i�s� �m�e�a�n�s� 

�t�h�a�t� �a�l�l� �G�R�I�M� �w�i�d�g�e�t�s� �h�a�v�e� �i�d�e�n�t�i�c�a�l� �c�o�d�e� �s�t�r�u�c�t�u�r�e� �a�n�d� �c�o�n�t�e�n�t�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� 

�t�h�e� �p�a�t�h�n�a�m�e� �u�s�e�d� �t�o� �d�e�f�i�n�e� �i�t�s� �U�N�I�X� �s�o�c�k�e�t� �f�i�l�e�.� �T�h�i�s� �p�a�t�h�n�a�m�e� �m�u�s�t� �b�e� �u�n�i�q�u�e� �f�o�r� 

�e�v�e�r�y� �G�R�I�M� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �a�n�d� �m�u�s�t� �b�e� �k�n�o�w�n� �b�y� �t�h�e� �o�w�n�i�n�g� �c�l�i�e�n�t� 

�a�p�p�l�i�c�a�t�i�o�n� �s�o� �t�h�a�t� �c�o�m�m�u�n�i�c�a�t�i�o�n� �c�a�n� �t�a�k�e� �p�l�a�c�e�.� 

�T�h�e� �G�R�I�M� �w�i�d�g�e�t� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �i�n� �t�h�a�t� �i�t� �u�s�e�s� �a� �l�i�s�t�e�n�i�n�g� �s�o�c�k�e�t� �t�o� 

�d�e�t�e�c�t� �c�o�n�n�e�c�t�i�o�n� �r�e�q�u�e�s�t�s�.� �H�o�w�e�v�e�r�,� �u�n�l�i�k�e� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�,� �t�h�e� �G�R�I�M� �o�n�l�y� 

�e�x�p�e�c�t�s� �o�n�e� �c�l�i�e�n�t�,� �i�t�s� �o�w�n�i�n�g� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�,� �t�o� �a�t�t�e�m�p�t� �t�o� �c�o�n�n�e�c�t� �t�o� �i�t�.� �W�h�e�n� �t�h�e� 

�c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �d�o�e�s� �r�e�q�u�e�s�t� �c�o�n�n�e�c�t�i�o�n�,� �t�h�e� �G�R�I�M� �a�c�c�e�p�t�s� �a�n�d� �r�e�q�u�e�s�t�s� �t�h�e� �o�w�n�i�n�g� 

�a�p�p�l�i�c�a�t�i�o�n�'�s� �n�a�m�e� �f�o�r� �d�i�s�p�l�a�y� �i�n� �t�h�e� �w�i�d�g�e�t�.� �U�s�i�n�g� �F�i�g�u�r�e� �7� �a�s� �a� �g�u�i�d�e�,� �w�e� �w�i�l�l� �n�o�w� 

�e�x�p�l�a�i�n� �w�h�a�t� �m�a�k�e�s� �u�p� �a� �b�a�s�i�c� �G�R�I�M� �w�i�d�g�e�t�.� �T�h�e� �i�d�e�a� �b�e�h�i�n�d� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �t�h�i�s� 

�w�i�d�g�e�t� �i�s�,� �f�i�r�s�t�,� �t�o� �e�s�t�a�b�l�i�s�h� �a� �m�a�i�n� �w�i�n�d�o�w� �w�i�d�g�e�t� �w�h�i�c�h� �w�i�l�l� �h�o�u�s�e� �o�t�h�e�r� �w�i�d�g�e�t� 

�t�y�p�e�s�.� �T�o� �t�h�e� �m�a�i�n� �w�i�n�d�o�w� �w�e� �a�d�d� �a� �m�e�n�u� �b�a�r� �w�i�d�g�e�t� �w�h�i�c�h� �a�l�l�o�w�s� �u�s� �t�o� �p�l�a�c�e� �m�e�n�u� 

�c�h�o�i�c�e�s� �i�n� �a� �m�e�n�u� �b�a�r� �f�o�r�m�a�t�.� �T�h�e� �i�t�e�m� �o�f� �t�h�i�s� �t�y�p�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �f�i�g�u�r�e� �i�s� �l�a�b�e�l�l�e�d� 

�A�C�T�I�O�N�.� �W�h�e�n� �s�e�l�e�c�t�e�d�,� �A�C�T�I�O�N� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �r�e�s�e�t� �t�h�e� �w�i�d�g�e�t� �t�o�g�g�l�e�s� �o�r� �t�o� 

�e�x�i�t� �a�n�d� �d�e�s�t�r�o�y� �t�h�e� �w�i�d�g�e�t�.� 

�O�n�c�e� �t�h�e� �m�e�n�u� �b�a�r� �h�a�s� �b�e�e�n� �c�o�m�p�l�e�t�e�l�y� �d�e�f�i�n�e�d�,� �a� �s�e�l�e�c�t�i�o�n� �b�o�x� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �m�a�i�n� 

�w�i�n�d�o�w� �w�i�d�g�e�t�.� �T�h�e� �s�e�l�e�c�t�i�o�n� �b�o�x� �i�n�c�l�u�d�e�s� �t�w�o� �s�u�b�-�w�i�d�g�e�t�s�:� �t�h�e� �s�e�l�e�c�t�i�o�n� �l�i�s�t� �w�i�d�g�e�t�,� 

�a�n�d� �t�h�e� �s�e�l�e�c�t�i�o�n� �d�i�a�l�o�g� �w�i�d�g�e�t�.� �T�h�e� �s�e�l�e�c�t�i�o�n� �l�i�s�t� �w�i�l�l� �c�o�n�t�a�i�n� �t�h�e� �n�a�m�e�s� �o�f� �t�h�e� �c�l�i�e�n�t�s� 

�c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �f�r�o�m� �w�h�i�c�h� �t�h�e� �w�i�d�g�e�t�'�s� �o�w�n�e�r� �(�o�w�n�i�n�g� �c�l�i�e�n�t� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �3�8
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�F�i�g�u�r�e� �7�:� �B�a�s�i�c� �G�R�I�M� �w�i�d�g�e�t�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �3�9



�a�p�p�l�i�c�a�t�i�o�n�)� �c�a�n� �r�e�q�u�e�s�t� �d�a�t�a�.� �U�n�t�i�l� �a� �c�l�i�e�n�t� �h�a�s� �c�o�n�n�e�c�t�e�d� �t�o� �t�h�e� �G�R�I�M�,� �t�h�i�s� �l�i�s�t� 

�r�e�m�a�i�n�s� �e�m�p�t�y�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �t�h�e� �G�R�I�M� �h�a�s� �n�o� �w�a�y� �t�o� �a�c�c�e�s�s� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� 

�t�o� �r�e�q�u�e�s�t� �t�h�e� �l�i�s�t� �u�n�t�i�l� �t�h�e� �c�l�i�e�n�t�'�s� �A�P�/�S�O�C�K� �i�n�t�e�r�v�e�n�e�s�.� �T�h�e� �s�e�l�e�c�t�i�o�n� �d�i�a�l�o�g� �i�s� �s�h�o�w�n� 

�a�t� �t�h�e� �b�o�t�t�o�m� �o�f� �t�h�e� �w�i�d�g�e�t�.� 

�A� �f�o�r�m� �w�i�d�g�e�t� �i�s� �t�h�e�n� �a�d�d�e�d� �t�o� �t�h�e� �s�e�l�e�c�t�i�o�n� �b�o�x� �w�i�d�g�e�t�.� �T�h�e� �f�o�r�m� �w�i�d�g�e�t� �i�s� �e�n�c�l�o�s�e�d� 

�b�y� �a� �f�r�a�m�e� �a�n�d� �t�h�r�e�e� �r�a�d�i�o� �t�o�g�g�l�e� �b�u�t�t�o�n�s� �a�r�e� �c�r�e�a�t�e�d� �f�o�r� �i�t�.� �T�h�e�s�e� �t�o�g�g�l�e�s� �a�r�e� �d�e�f�i�n�e�d� 

�a�s�:� 

�1�)� �R�e�q�u�e�s�t� �B�u�f�f�e�r� �D�a�t�a� �F�r�o�m� �C�l�i�e�n�t� 

�2�)� �C�l�i�e�n�t� �A�t�t�r�i�b�u�t�e� �L�i�s�t� 

�3�)� �A�c�t�i�v�a�t�e� �E�x�c�h�a�n�g�e� 

�E�a�c�h� �t�o�g�g�l�e� �h�a�s� �a� �c�a�l�l�b�a�c�k� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�t�.� �T�h�e� �a�c�t�i�v�a�t�e� �e�x�c�h�a�n�g�e� �t�o�g�g�l�e�,� �a�s� �s�e�e�n� �i�n� 

�F�i�g�u�r�e� �7�,� �i�s� �i�n�i�t�i�a�l�l�y� �g�r�e�y�e�d� �o�u�t� �u�n�t�i�l� �e�n�o�u�g�h� �i�n�f�o�r�m�a�t�i�o�n� �(�r�e�q�u�e�s�t� �f�o�r� �b�u�f�f�e�r� �a�n�d� 

�r�e�s�p�o�n�d�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�'�s� �n�a�m�e�)� �h�a�s� �b�e�e�n� �g�a�t�h�e�r�e�d� �t�o� �e�f�f�e�c�t� �a�n� �e�x�c�h�a�n�g�e�.� �W�h�e�n� �i�t� �i�s� 

�s�e�l�e�c�t�e�d�,� �i�t� �w�i�l�l� �d�i�s�p�l�a�y� �a�n� �i�n�f�o�r�m�a�t�i�o�n� �p�a�n�e�l� �w�i�t�h� �t�h�e� �n�a�m�e� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �w�h�o� �w�i�l�l� 

�r�e�s�p�o�n�d� �t�o� �t�h�e� �r�e�q�u�e�s�t�.� �A�t� �t�h�i�s� �t�i�m�e�,� �t�h�e� �u�s�e�r� �h�a�s� �t�h�e� �o�p�t�i�o�n� �o�f� �p�r�o�c�e�e�d�i�n�g� �w�i�t�h� �t�h�e� 

�r�e�q�u�e�s�t� �o�r� �c�a�n�c�e�l�i�n�g� �i�t�.� 

�A�l�t�h�o�u�g�h� �t�h�e�r�e� �a�r�e� �t�h�r�e�e� �t�o�g�g�l�e� �b�u�t�t�o�n�s�,� �t�h�e�y� �r�e�p�r�e�s�e�n�t� �t�w�o� �p�o�s�s�i�b�l�e� �a�c�t�i�o�n�s�:� 

�1�)� �n�e�e�d� �c�u�r�r�e�n�t� �b�u�f�f�e�r� �d�a�t�a� �f�r�o�m� �a� �c�l�i�e�n�t� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� 

�2�)� �n�e�e�d� �s�o�m�e� �c�o�m�p�o�n�e�n�t� �o�f� �d�a�t�a� �f�r�o�m� �a� �c�l�i�e�n�t� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �(�a�n� �e�x�a�m�p�l�e� 

�w�o�u�l�d� �b�e� �t�o� �r�e�q�u�e�s�t� �o�n�l�y� �t�h�e� �w�i�n�g�s� �f�r�o�m� �a�n� �a�i�r�c�r�a�f�t� �m�o�d�e�l�)� 

�T�o� �r�e�q�u�e�s�t� �b�u�f�f�e�r� �d�a�t�a� �i�s� �t�o� �r�e�q�u�e�s�t� �t�h�a�t� �t�h�e� �m�o�d�e�l� �o�r� �d�a�t�a� �c�u�r�r�e�n�t�l�y� �d�i�s�p�l�a�y�e�d� �b�y� �a� 

�c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �b�e� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �t�h�e� �r�e�q�u�e�s�t�i�n�g� �c�l�i�e�n�t�.� �I�f� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �4�0



�o�n�l�y� �a� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�a�t� �d�a�t�a� �i�s� �d�e�s�i�r�e�d�,� �a� �c�l�i�e�n�t� �m�u�s�t� �f�i�r�s�t� �r�e�q�u�e�s�t� �t�h�a�t� �t�h�e� �c�l�i�e�n�t� 

�a�p�p�l�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� �d�e�s�i�r�e�d� �d�a�t�a� �s�u�p�p�l�y� �a� �c�l�i�e�n�t� �a�t�t�r�i�b�u�t�e� �l�i�s�t�.� 

�F�o�r� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �t�h�a�t� �a�r�e� �a�b�l�e� �t�o� �s�u�p�p�l�y� �d�a�t�a� �t�o� �o�t�h�e�r� 

�a�p�p�l�i�c�a�t�i�o�n�s�,� �a� �c�l�i�e�n�t� �a�t�t�r�i�b�u�t�e� �l�i�s�t� �i�s� �n�e�e�d�e�d�.� �T�h�e� �c�l�i�e�n�t� �a�t�t�r�i�b�u�t�e� �l�i�s�t� �(�C�A�L�)�,� �o�r� �s�i�m�p�l�y� 

�a�t�t�r�i�b�u�t�e� �l�i�s�t�,� �i�s� �a� �l�i�s�t� �w�h�i�c�h� �d�e�l�i�n�e�a�t�e�s� �t�h�e� �k�i�n�d�s� �o�f� �d�a�t�a� �w�h�i�c�h� �c�a�n� �b�e� �e�x�t�r�a�c�t�e�d� �f�r�o�m� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �a�t�t�r�i�b�u�t�e�s� �a�r�e� �a� �c�o�m�p�o�n�e�n�t�-�l�i�k�e� �l�i�s�t� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �k�i�n�d�s� �o�f� �d�a�t�a� �w�h�i�c�h� 

�a�r�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �t�h�e� �c�u�r�r�e�n�t� �m�o�d�e�l�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �i�f� �t�h�e� �c�u�r�r�e�n�t� �m�o�d�e�l� �i�n� �a�n� 

�a�p�p�l�i�c�a�t�i�o�n� �r�e�p�r�e�s�e�n�t�s� �a�n� �a�i�r�c�r�a�f�t�,� �t�h�e� �a�t�t�r�i�b�u�t�e� �l�i�s�t� �c�o�u�l�d� �s�u�p�p�l�y� �s�e�p�a�r�a�t�e� �c�o�m�p�o�n�e�n�t�s� �a�s� 

�o�p�t�i�o�n�s�.� �T�h�e� �l�i�s�t� �i�s� �e�m�p�l�o�y�e�d� �t�o� �g�i�v�e� �t�h�e� �u�s�e�r� �t�h�e� �o�p�t�i�o�n� �o�f� �e�x�t�r�a�c�t�i�n�g� �s�p�e�c�i�f�i�c� �d�a�t�a� 

�f�r�o�m� �a� �m�o�d�e�l�,� �i�n�s�t�e�a�d� �o�f� �r�e�q�u�e�s�t�i�n�g� �t�h�e� �e�n�t�i�r�e� �s�e�t�.� 

�D�u�r�i�n�g� �c�r�e�a�t�i�o�n� �o�f� �t�h�e� �G�R�I�M� �w�i�d�g�e�t�,� �e�a�c�h� �b�u�t�t�o�n�,� �l�i�s�t�,� �e�t�c�.�,� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� 

�c�a�l�l�b�a�c�k� �f�u�n�c�t�i�o�n�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �i�f� �a�n� �e�v�e�n�t� �i�s� �d�e�t�e�c�t�e�d� �a�t� �t�h�a�t� �w�i�d�g�e�t� �e�l�e�m�e�n�t�,� �a� 

�c�a�l�l�b�a�c�k� �f�u�n�c�t�i�o�n� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �a�c�t�i�o�n� �i�s� �i�n�v�o�k�e�d�.� �T�h�e� �c�a�l�l�b�a�c�k� �d�e�f�i�n�e�s� �t�h�e� 

�a�c�t�i�o�n� �t�o� �b�e� �p�e�r�f�o�r�m�e�d� �b�a�s�e�d� �o�n� �t�h�e� �e�v�e�n�t�.� 

�A�f�t�e�r� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �h�a�s� �b�e�e�n� �c�r�e�a�t�e�d� �a�n�d� �r�e�a�l�i�z�e�d�,� �t�h�e� �X�t�M�a�i�n�L�o�o�p� �t�a�k�e�s� �c�o�n�t�r�o�l� 

�a�n�d� �c�h�e�c�k�s� �t�h�e� �w�o�r�k� �p�r�o�c�e�d�u�r�e� �w�h�e�n� �n�o� �e�v�e�n�t�s� �a�r�e� �q�u�e�u�e�d�.� �T�h�e� �w�o�r�k� �p�r�o�c�e�d�u�r�e� �u�s�e�d� 

�b�y� �t�h�e� �G�R�I�M� �a�l�l�o�w�s� �t�h�e� �s�o�c�k�e�t� �f�u�n�c�t�i�o�n�s� �t�o� �b�e� �c�h�e�c�k�e�d� �a�n�d� �p�r�o�c�e�s�s�e�d�.� �T�h�e� �f�u�n�c�t�i�o�n� 

�u�s�e�d� �t�o� �c�h�e�c�k� �f�o�r� �s�o�c�k�e�t� �a�c�t�i�v�i�t�y� �i�s� �a� �B�S�D� �s�o�c�k�e�t� �s�u�b�r�o�u�t�i�n�e� �c�a�l�l�e�d� �s�e�l�e�c�t�.� �K�e�e�p� �i�n� 

�m�i�n�d� �t�h�a�t� �s�o�c�k�e�t�s� �a�r�e� �b�a�s�i�c�a�l�l�y� �f�i�l�e� �d�e�s�c�r�i�p�t�o�r�s� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d� �t�o� �a� �p�r�o�c�e�s�s� �i�n�s�t�e�a�d� �o�f� 

�a� �f�i�l�e�.� �T�h�e� �s�e�l�e�c�t� �s�u�b�r�o�u�t�i�n�e� �c�h�e�c�k�s� �t�h�e� �s�p�e�c�i�f�i�e�d� �s�o�c�k�e�t� �d�e�s�c�r�i�p�t�o�r�s� �t�o� �s�e�e� �i�f� �t�h�e�y� �a�r�e� 

�r�e�a�d�y� �f�o�r� �r�e�c�e�i�v�i�n�g�,� �s�e�n�d�i�n�g�,� �o�r� �i�f� �a�n� �e�x�c�e�p�t�i�o�n�a�l� �c�o�n�d�i�t�i�o�n� �i�s� �p�e�n�d�i�n�g�.� �T�h�e� �s�e�l�e�c�t� 

�p�r�o�c�e�d�u�r�e� �a�l�l�o�w�s� �a� �s�e�r�v�e�r� �(�i�n� �t�h�i�s� �c�a�s�e� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �i�n�t�e�r�f�a�c�e�)� �t�o� �i�n�t�e�r�r�u�p�t� �a�n� 

�a�c�t�i�v�i�t�y� �(�p�o�l�l�i�n�g� �f�o�r� �e�v�e�n�t�s�)�,� �c�h�e�c�k� �f�o�r� �i�n�c�o�m�i�n�g� �d�a�t�a�,� �a�n�d� �t�h�e�n� �c�o�n�t�i�n�u�e� �p�r�o�c�e�s�s�i�n�g� �t�h�e� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �4�1



�a�c�t�i�v�i�t�y�.� �I�n� �t�h�i�s� �r�e�s�p�e�c�t� �t�h�e� �G�R�I�M� �a�c�t�s� �a�s� �a� �s�e�r�v�e�r� �w�h�e�r�e� �i�t�s� �o�n�l�y� �c�l�i�e�n�t� �i�s� �t�h�e� �o�w�n�i�n�g� 

�c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�.� �A�n�o�t�h�e�r� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �G�R�I�M� �"�s�e�r�v�e�r�"� �a�n�d� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� 

�s�e�r�v�e�r� �i�s� �t�h�a�t� �t�h�e� �G�R�I�M� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �U�N�I�X� �d�o�m�a�i�n� �i�n�s�t�e�a�d� �o�f� �t�h�e� �I�n�t�e�r�n�e�t� �d�o�m�a�i�n� 

�a�s� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �d�o�e�s�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �s�o�c�k�e�t� �c�o�n�n�e�c�t�i�o�n� �i�s� �d�e�s�c�r�i�b�e�d� �b�y� �a� 

�p�a�t�h�n�a�m�e� �i�n�s�t�e�a�d� �o�f� �a� �p�o�r�t� �n�u�m�b�e�r�.� �I�t� �d�o�e�s�,� �h�o�w�e�v�e�r�,� �u�s�e� �a� �l�i�s�t�e�n�i�n�g� �s�o�c�k�e�t� �w�h�i�c�h� 

�a�s�s�i�g�n�s� �a� �n�e�w� �s�o�c�k�e�t� �d�e�s�c�r�i�p�t�o�r� �t�o� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �w�h�i�c�h� �r�e�q�u�e�s�t�e�d� �c�o�n�n�e�c�t�i�o�n�.� 

�I�t� �h�a�s� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �t�h�e� �G�R�I�M� �a�n�d� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �(�A�P�/�S�O�C�K� �i�n�t�e�r�f�a�c�e� 

�a�n�d� �t�h�e� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�)� �m�u�s�t� �w�o�r�k� �t�o�g�e�t�h�e�r�,� �b�u�t� �r�u�n� �i�n�d�e�p�e�n�d�e�n�t�l�y� �o�f� �o�n�e� �a�n�o�t�h�e�r�.� 

�I�n� �o�r�d�e�r� �t�o� �r�e�d�u�c�e� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �s�t�a�r�t�i�n�g� �s�e�v�e�r�a�l� �p�r�o�c�e�s�s�e�s�,� �a� �s�c�r�i�p�t� �i�s� �u�s�e�d� �t�o� �s�t�a�r�t� 

�t�h�e� �c�l�i�e�n�t�.� �T�h�e� �s�c�r�i�p�t� �s�t�a�r�t�s� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �a�s� �a� �b�a�c�k�g�r�o�u�n�d� �p�r�o�c�e�s�s�,� �s�l�e�e�p�s� �(�w�a�i�t�s�)� 

�f�o�r� �t�h�r�e�e� �s�e�c�o�n�d�s�,� �t�h�e�n� �s�t�a�r�t�s� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�.� �B�a�c�k�g�r�o�u�n�d� �p�r�o�c�e�s�s�e�s� �d�o� �n�o�t� �n�e�e�d� 

�a� �s�h�e�l�l� �i�n� �w�h�i�c�h� �t�o� �r�u�n�.� �B�y� �r�u�n�n�i�n�g� �t�h�e� �G�R�I�M� �a�s� �i�n� �t�h�e� �b�a�c�k�g�r�o�u�n�d�,� �o�n�l�y� �o�n�e� �s�h�e�l�l� �i�s� 

�n�e�e�d�e�d� �f�o�r� �t�h�e� �c�l�i�e�n�t� �i�n�s�t�e�a�d� �o�f� �t�w�o� �(�o�n�e� �f�o�r� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �o�n�e� �f�o�r� �t�h�e� 

�G�R�I�M�)�.� �T�h�e� �s�l�e�e�p� �i�s� �n�e�c�e�s�s�a�r�y� �b�e�c�a�u�s�e� �t�h�e� �G�R�I�M� �w�i�d�g�e�t� �n�e�e�d�s� �s�u�f�f�i�c�i�e�n�t� �t�i�m�e� �t�o� 

�i�n�i�t�i�a�l�i�z�e� �a�n�d� �s�e�t� �u�p� �i�t�s� �l�i�s�t�e�n�i�n�g� �s�o�c�k�e�t� �b�e�f�o�r�e� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n� �a�t�t�e�m�p�t�s� 

�c�o�n�n�e�c�t�i�o�n�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �i�s� �a�n� �e�x�a�m�p�l�e� �o�f� �a� �s�c�r�i�p�t� �f�i�l�e� �c�r�e�a�t�e�d� �f�o�r� �t�h�i�s� �p�u�r�p�o�s�e�:� 

�w�i�d�g�e�t�_�m�y�c�l�i�e�n�t� �&� 
�s�l�e�e�p� �3� 
�m�y�_�c�l�i�e�n�t� 

�w�h�e�r�e� �w�i�d�g�e�t� �_�m�y�c�l�i�e�n�t� �i�s� �t�h�e� �e�x�e�c�u�t�a�b�l�e� �f�o�r� �t�h�e� �w�i�d�g�e�t�,� �&� �m�a�k�e�s� �i�t� �a� �b�a�c�k�g�r�o�u�n�d� 

�p�r�o�c�e�s�s�,� �s�l�e�e�p� �t�e�l�l�s� �t�h�e� �s�y�s�t�e�m� �t�o� �w�a�i�t� �t�h�r�e�e� �s�e�c�o�n�d�s� �b�e�f�o�r�e� �i�n�v�o�k�i�n�g� �m�y�_�c�l�i�e�n�t� �w�h�i�c�h� 

�i�s� �t�h�e� �e�x�e�c�u�t�a�b�l�e� �f�o�r� �t�h�e� �c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �4�2



�4�.�2� �T�h�e� �I�n�t�e�g�r�a�t�i�o�n� �S�e�r�v�e�r� 

�T�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �i�s� �t�h�e� �c�o�r�e� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�;� �h�o�w�e�v�e�r�,� �a� �u�s�e�r� �o�f� �t�h�e� 

�i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �c�o�u�l�d� �v�e�r�y� �w�e�l�l� �b�e� �i�g�n�o�r�a�n�t� �o�f� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� 

�e�x�i�s�t�s�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �i�s� �a� �b�a�c�k�g�r�o�u�n�d� �p�r�o�c�e�s�s� �w�h�i�c�h� �i�s� 

�c�o�n�t�i�n�u�o�u�s�l�y� �r�u�n�n�i�n�g� �o�n� �t�h�e� �h�o�s�t� �w�o�r�k�s�t�a�t�i�o�n�,� �a�l�l�o�w�i�n�g� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�s� �t�o� �c�o�n�n�e�c�t� 

�a�n�d� �d�i�s�c�o�n�n�e�c�t�.� �T�h�e� �s�e�r�v�e�r� �h�a�s� �a� �d�e�d�i�c�a�t�e�d� �p�o�r�t� �n�u�m�b�e�r� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �i�t�s� 

�l�i�s�t�e�n�i�n�g� �s�o�c�k�e�t�.� �T�h�i�s� �p�o�r�t� �n�u�m�b�e�r� �c�a�n�n�o�t� �b�e� �d�u�p�l�i�c�a�t�e�d� �b�y� �a�n�y� �o�t�h�e�r� �p�r�o�c�e�s�s� �r�u�n�n�i�n�g� 

�o�n� �t�h�e� �w�o�r�k�s�t�a�t�i�o�n�.� �O�n�l�y� �c�l�i�e�n�t�s� �t�h�a�t� �r�e�c�o�g�n�i�z�e� �t�h�i�s� �n�u�m�b�e�r� �a�n�d� �t�h�e� �i�n�t�e�r�n�e�t� �a�d�d�r�e�s�s� �o�f� 

�t�h�e� �h�o�s�t� �m�a�c�h�i�n�e� �c�a�n� �c�o�n�n�e�c�t� �t�o� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� �B�y� �c�o�n�c�a�t�e�n�a�t�i�n�g� �t�h�e� �u�n�i�q�u�e� 

�i�n�t�e�r�n�e�t� �a�d�d�r�e�s�s� �w�i�t�h� �t�h�e� �s�o�c�k�e�t� �a�d�d�r�e�s�s� �(�p�o�r�t� �n�u�m�b�e�r�)� �a�n� �i�n�t�e�r�n�e�t� �s�o�c�k�e�t� �a�d�d�r�e�s�s� �i�s� 

�p�r�o�d�u�c�e�d�,� �w�h�i�c�h� �e�n�a�b�l�e�s� �c�l�i�e�n�t�s� �t�o� �l�o�c�a�t�e� �a�n�d� �u�t�i�l�i�z�e� �t�h�e� �s�e�r�v�e�r�.� �A�s� �a� �g�u�i�d�e�l�i�n�e�,� �p�o�r�t� 

�n�u�m�b�e�r�s� �u�p� �t�o� �2�5�5� �a�r�e� �r�e�s�e�r�v�e�d� �f�o�r� �o�f�f�i�c�i�a�l� �I�n�t�e�r�n�e�t� �s�e�r�v�i�c�e�s�.� �P�o�r�t� �n�u�m�b�e�r�s� �2�5�6�-�1�0�2�3� 

�a�r�e� �r�e�s�e�r�v�e�d� �f�o�r� �o�t�h�e�r� �c�o�m�m�o�n� �s�e�r�v�i�c�e�s�.� �S�o�m�e� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�s� �h�a�v�e� �a�d�d�i�t�i�o�n�a�l� 

�c�o�n�s�t�r�a�i�n�t�s� �o�n� �p�o�r�t� �n�u�m�b�e�r�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �I�B�M� �w�o�r�k�s�t�a�t�i�o�n�s� �w�i�t�h� �t�h�e� �g�r�a�P�H�I�G�S� �A�P�I� 

�i�n�s�t�a�l�l�e�d� �h�a�v�e� �s�o�c�k�e�t� �p�o�r�t�s� �r�e�s�e�r�v�e�d� �f�o�r� �t�h�e� �i�n�t�e�r�p�r�o�c�e�s�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� 

�g�r�a�P�H�I�G�S� �s�h�e�l�l� �a�n�d� �n�u�c�l�e�u�s�.� �T�h�e� �p�r�o�t�o�t�y�p�e� �t�h�a�t� �w�a�s� �d�e�v�e�l�o�p�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �t�o� �t�e�s�t� 

�t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �u�s�e�s� �a�n� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �w�i�t�h� �a� �p�o�r�t� 

�n�u�m�b�e�r� �o�f� �2�0�0�0�.� 

�I�f� �t�h�e� �p�r�o�c�e�s�s� �f�o�r� �w�h�i�c�h� �a� �c�o�n�n�e�c�t�i�o�n� �r�e�q�u�e�s�t� �w�a�s� �d�i�r�e�c�t�e�d� �i�s� �l�i�s�t�e�n�i�n�g� �a�t� �t�h�e� �w�e�l�l�-� 

�k�n�o�w�n� �p�o�r�t�,� �i�t� �s�e�r�v�i�c�e�s� �t�h�e� �r�e�q�u�e�s�t� �a�n�d� �e�i�t�h�e�r� �u�s�e�s� �t�h�a�t� �s�a�m�e� �p�o�r�t� �f�o�r� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�c�o�n�n�e�c�t�i�o�n� �(�a�s� �d�o�e�s� �f�t�p� �-� �f�i�l�e� �t�r�a�n�s�f�e�r� �p�r�o�t�o�c�o�l�)�,� �o�r� �c�r�e�a�t�e�s� �a� �n�e�w� �p�o�r�t� �w�h�i�c�h� �i�s� �a�s�s�i�g�n�e�d� 

�t�o� �t�h�e� �c�l�i�e�n�t� �p�r�o�c�e�s�s�.� �B�y� �f�r�e�e�i�n�g� �t�h�e� �l�i�s�t�e�n�i�n�g� �p�o�r�t� �i�n� �t�h�i�s� �w�a�y�,� �t�h�e� �s�e�r�v�e�r� �p�r�o�c�e�s�s� �c�a�n� 

�c�o�n�t�i�n�u�e� �t�o� �a�c�c�e�p�t� �c�o�n�n�e�c�t�i�o�n�s� �f�r�o�m� �o�t�h�e�r� �c�l�i�e�n�t� �p�r�o�c�e�s�s�e�s�.� �R�e�q�u�e�s�t�s� �f�o�r� �c�o�n�n�e�c�t�i�o�n� �a�r�e� 

�h�a�n�d�l�e�d� �s�o� �t�h�a�t� �m�u�l�t�i�p�l�e� �c�l�i�e�n�t�s� �m�a�y� �a�c�c�e�s�s� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� �A�s� �c�l�i�e�n�t�s� �a�r�e� 

�a�c�c�e�p�t�e�d� �f�o�r� �c�o�n�n�e�c�t�i�o�n�,� �t�h�e� �s�e�r�v�e�r� �a�d�d�s� �t�h�e� �c�l�i�e�n�t�'�s� �s�o�c�k�e�t� �i�d�e�n�t�i�f�i�e�r� �t�o� �a� �d�a�t�a� �s�t�r�u�c�t�u�r�e� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �4�3



�w�h�i�c�h� �a�l�l�o�w�s� �d�e�s�c�r�i�p�t�o�r�s� �t�o� �b�e� �c�r�o�s�s�-�r�e�f�e�r�e�n�c�e�d� �w�i�t�h� �c�l�i�e�n�t� �n�a�m�e�.� �L�a�t�e�r� �t�h�i�s� �i�s� �h�o�w� �t�h�e� 

�i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �w�i�l�l� �d�e�t�e�r�m�i�n�e� �w�h�e�r�e� �t�o� �s�e�n�d� �d�a�t�a� �w�h�e�n� �o�n�l�y� �g�i�v�e�n� �t�h�e� �r�e�c�e�i�v�i�n�g� 

�a�p�p�l�i�c�a�t�i�o�n�'�s� �n�a�m�e�.� 

�T�h�e� �l�i�s�t�e�n�i�n�g� �s�o�c�k�e�t� �1�s� �a� �k�e�y� �e�l�e�m�e�n�t� �o�f� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� �W�h�e�n� �f�i�r�s�t� �i�n�v�o�k�e�d�,� �t�h�e� 

�i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �s�e�t�s� �u�p� �a� �s�o�c�k�e�t� �w�h�i�c�h� �l�i�s�t�e�n�s� �f�o�r� �i�n�c�o�m�i�n�g� �c�o�n�n�e�c�t�i�o�n�s� �f�r�o�m� 

�i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�s�.� �T�h�e�s�e� �c�o�n�n�e�c�t�i�o�n� �r�e�q�u�e�s�t�s� �a�r�e� �d�i�r�e�c�t�e�d� �t�h�r�o�u�g�h� �t�h�e� �A�P�/�S�O�C�K� 

�I�n�t�e�r�f�a�c�e� �o�f� �a�n� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t� �d�u�r�i�n�g� �a� �c�l�i�e�n�t�'�s� �i�n�i�t�i�a�l�i�z�a�t�i�o�n� �s�t�a�g�e�.� �W�h�e�n� �a� 

�c�o�n�n�e�c�t�i�o�n� �r�e�q�u�e�s�t� �i�s� �d�e�t�e�c�t�e�d�,� �t�h�e� �l�i�s�t�e�n�i�n�g� �s�o�c�k�e�t� �a�c�c�e�p�t�s� �t�h�e� �c�o�n�n�e�c�t�i�o�n�,� �t�h�e�r�e�b�y� 

�c�r�e�a�t�i�n�g� �a� �n�e�w� �a�n�d� �d�e�d�i�c�a�t�e�d� �s�o�c�k�e�t� �o�n� �w�h�i�c�h� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� 

�c�l�i�e�n�t� �a�n�d� �t�h�e� �s�e�r�v�e�r� �t�a�k�e�s� �p�l�a�c�e�.� �T�h�e� �l�i�s�t�e�n�i�n�g� �s�o�c�k�e�t� �t�h�e�n� �r�e�t�u�r�n�s� �t�o� �i�t�s� �t�a�s�k� �o�f� �w�a�i�t�i�n�g� 

�f�o�r� �m�o�r�e� �i�n�c�o�m�i�n�g� �c�o�n�n�e�c�t�i�o�n�s�.� �T�h�i�s� �p�r�o�c�e�s�s� �i�s� �i�n�t�e�r�r�u�p�t�e�d� �w�h�e�n� �a� �s�i�g�n�a�l� �i�s� �d�e�t�e�c�t�e�d� 

�o�n� �o�n�e� �o�f� �t�h�e� �s�o�c�k�e�t�s� �d�e�d�i�c�a�t�e�d� �t�o� �a�n� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�.� 

�O�n�c�e� �a� �c�o�n�n�e�c�t�i�o�n� �h�a�s� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d� �b�e�t�w�e�e�n� �s�o�c�k�e�t�s� �a�t� �t�h�e� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r� 

�p�r�o�c�e�s�s�e�s�,� �t�h�e� �s�e�n�d�i�n�g� �a�n�d� �r�e�c�e�i�v�i�n�g� �o�f� �d�a�t�a� �c�a�n� �o�c�c�u�r�.� �T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �w�a�y�s� �i�n� 

�w�h�i�c�h� �t�o� �a�c�c�o�m�p�l�i�s�h� �t�h�i�s�;� �t�h�e� �m�e�t�h�o�d� �c�h�o�s�e�n� �i�n� �t�h�e� �p�r�o�t�o�t�y�p�e� �i�s� �t�o� �u�s�e� �s�e�n�d� �a�n�d� �r�e�c�e�i�v�e� 

�s�u�b�r�o�u�t�i�n�e�s� �s�u�p�p�l�i�e�d� �i�n� �t�h�e� �B�S�D� �l�i�b�r�a�r�i�e�s�.� 

�T�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �u�s�e�s� �t�h�e� �s�e�l�e�c�t� �s�u�b�r�o�u�t�i�n�e� �t�o� �c�h�e�c�k� �f�o�r� �a�c�t�i�v�i�t�y� �o�n� �t�h�e� �s�o�c�k�e�t�s� 

�m�a�n�a�g�e�d� �b�y� �t�h�e� �s�e�r�v�e�r�.� �W�h�e�n� �a� �s�i�g�n�a�l� �a�r�r�i�v�e�s�,� �t�h�e� �s�o�c�k�e�t� �o�n� �w�h�i�c�h� �i�t� �o�c�c�u�r�r�e�d� �i�s� 

�d�e�t�e�r�m�i�n�e�d�.� �I�f� �i�t� �o�c�c�u�r�r�e�d� �o�n� �t�h�e� �l�i�s�t�e�n�i�n�g� �s�o�c�k�e�t�,� �t�h�i�s� �i�n�d�i�c�a�t�e�s� �a� �c�l�i�e�n�t� �r�e�q�u�e�s�t� �f�o�r� 

�c�o�n�n�e�c�t�i�o�n�,� �a�n�d� �a� �n�e�w� �s�o�c�k�e�t� �d�e�d�i�c�a�t�e�d� �t�o� �t�h�a�t� �c�l�i�e�n�t� �i�s� �c�r�e�a�t�e�d�.� �I�f� �t�h�e� �s�i�g�n�a�l� �c�a�m�e� �i�n� 

�o�n� �o�n�e� �o�f� �t�h�e� �o�t�h�e�r� �e�x�i�s�t�i�n�g� �s�o�c�k�e�t�s� �(�c�o�n�n�e�c�t�e�d� �t�o� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�s�)�,� �a� �b�l�o�c�k� �o�f� �d�a�t�a� 

�c�a�l�l�e�d� �a� �h�e�a�d�e�r� �i�s� �r�e�a�d� �f�r�o�m� �t�h�e� �s�o�c�k�e�t� �a�n�d� �e�v�a�l�u�a�t�e�d�.� �T�h�e� �h�e�a�d�e�r� �w�i�l�l� �b�e� �d�e�s�c�r�i�b�e�d� �i�n� 

�m�o�r�e� �d�e�t�a�i�l� �i�n� �t�h�e� �s�u�c�c�e�e�d�i�n�g� �s�e�c�t�i�o�n� �o�n� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �I�n� �b�r�i�e�f�,� �t�h�e� �h�e�a�d�e�r� �c�o�n�t�a�i�n�s� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �4�4



�a� �m�a�j�o�r� �a�n�d� �m�i�n�o�r� �o�p�c�o�d�e� �(�o�p�e�r�a�t�i�o�n� �c�o�d�e�)� �w�h�i�c�h� �c�o�m�b�i�n�e�d� �g�i�v�e� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� 

�e�n�o�u�g�h� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �l�o�c�a�t�e� �t�h�e� �m�o�d�u�l�e� �w�h�i�c�h� �w�i�l�l� �e�v�a�l�u�a�t�e� �t�h�e� �s�i�g�n�a�l�.� 

�T�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r� �c�o�n�t�a�i�n�s� �a� �l�i�b�r�a�r�y� �o�f� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n�s� �w�h�i�c�h� �a�r�e� �u�s�e�d� �t�o� 

�t�r�a�n�s�f�o�r�m� �o�r� �t�r�a�n�s�l�a�t�e� �d�a�t�a� �f�r�o�m� �o�n�e� �a�p�p�l�i�c�a�t�i�o�n� �t�o� �t�h�e� �f�o�r�m�a�t� �o�f� �a�n�o�t�h�e�r�.� �T�h�e�s�e� 

�t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n�s� �a�r�e� �u�n�i�q�u�e� �i�n� �t�h�a�t� �t�h�e�y� �m�u�s�t� �b�e� �s�p�e�c�i�f�i�c�a�l�l�y� �d�e�s�i�g�n�e�d� �t�o� �h�a�n�d�l�e� �t�h�e� 

�o�r�d�e�r� �a�n�d� �t�y�p�e� �o�f� �d�a�t�a� �s�e�n�t� �b�y� �o�n�e� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �e�x�p�e�c�t�e�d� �b�y� �a�n�o�t�h�e�r�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �i�s� 

�c�o�n�c�e�i�v�a�b�l�e� �t�h�a�t� �f�o�r� �e�v�e�r�y� �n� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �t�h�e�r�e� �w�i�l�l� �b�e� �n� 

�t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n�s� �d�e�s�i�g�n�e�d� �t�o� �a�c�c�e�p�t� �d�a�t�a� �f�r�o�m� �e�a�c�h� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �n�-�J� �s�u�b�-�c�a�t�e�g�o�r�i�e�s� 

�t�o� �e�a�c�h� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n�.� �B�y� �s�u�b�-�c�a�t�e�g�o�r�i�e�s� �i�t� �i�s� �m�e�a�n�t� �t�h�a�t� �b�a�s�e�d� �o�n� �t�h�e� �r�e�c�e�i�v�i�n�g� 

�a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e�r�e� �i�s� �a� �s�w�i�t�c�h� �s�t�a�t�e�m�e�n�t� �i�n� �t�h�e� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n� �w�h�i�c�h� �d�e�t�e�r�m�i�n�e�s� �a� 

�m�o�d�u�l�e� �w�h�i�c�h� �w�i�l�l� �r�e�f�o�r�m�a�t� �t�h�e� �d�a�t�a� �s�e�n�t� �b�y� �t�h�e� �t�r�a�n�s�m�i�t�t�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�i�s� �p�r�o�c�e�s�s� 

�i�s� �i�l�l�u�s�t�r�a�t�e�d� �b�y� �F�i�g�u�r�e� �8�.� �I�t� �i�s� �f�e�a�s�i�b�l�e� �t�h�a�t� �a� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n� �w�i�l�l� �h�a�v�e� �m�o�r�e� �t�h�a�n� �n�-�J� 

�s�u�b�-�c�a�t�e�g�o�r�i�e�s�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �i�t� �m�a�y� �b�e� �n�e�c�e�s�s�a�r�y� �t�o� �t�a�k�e� �d�a�t�a� �f�r�o�m� �a�n� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� 

�t�r�a�n�s�f�o�r�m� �i�t� �i�n�t�o� �a�n�o�t�h�e�r� �c�o�o�r�d�i�n�a�t�e� �s�y�s�t�e�m� �b�e�f�o�r�e� �r�e�t�u�r�n�i�n�g� �i�t� �t�o� �t�h�e� �o�r�i�g�i�n�a�t�i�n�g� 

�a�p�p�l�i�c�a�t�i�o�n�.� �T�h�i�s� �i�n� �e�s�s�e�n�c�e� �w�o�u�l�d� �a�l�l�o�w� �o�n�e� �t�o� �a�d�d� �e�x�t�e�r�n�a�l� �f�u�n�c�t�i�o�n�s� �t�o� �a�n� 

�a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m�,� �a�n�d� �s�t�o�r�e� �t�h�o�s�e� �f�u�n�c�t�i�o�n�s� �a�t� �t�h�e� �s�e�r�v�e�r�.� �A�l�s�o�,� �s�e�v�e�r�a�l� �f�o�r�m�a�t�s� �m�a�y� 

�b�e� �n�e�c�e�s�s�a�r�y� �f�o�r� �a� �s�i�n�g�l�e� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �s�y�s�t�e�m�.� �A�l�l� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s� �a�r�e� �l�e�f�t� �t�o� �t�h�e� 

�i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �t�o� �d�e�t�e�r�m�i�n�e�.� �T�h�e�s�e� �f�u�n�c�t�i�o�n�s� �m�u�s�t� �b�e� �w�r�i�t�t�e�n�,� �o�r� 

�d�e�s�i�g�n�e�d�,� �i�n� �t�h�e� �C�A�D�/�C�A�M� �C�A�S�E� �W�o�r�k�b�e�n�c�h� �f�o�r� �e�a�c�h� �s�e�t� �o�f� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�e� 

�i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m� �t�h�a�t� �w�i�s�h� �t�o� �e�x�c�h�a�n�g�e� �d�a�t�a�.� �I�n�f�o�r�m�a�t�i�o�n� �o�b�t�a�i�n�e�d� �b�y� �t�h�e� �a�n�a�l�y�z�e�r� 

�a�b�o�u�t� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s� �i�s� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �d�a�t�a�b�a�s�e� �o�f� �t�h�e� �w�o�r�k�b�e�n�c�h� �a�n�d� �c�a�n� �b�e� �u�t�i�l�i�z�e�d� 

�t�o� �f�a�c�i�l�i�t�a�t�e� �c�r�e�a�t�i�o�n� �o�f� �t�h�e� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n�s�.� 

�T�h�e� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n�s� �m�a�k�e� �u�p� �a� �l�i�b�r�a�r�y� �w�h�i�c�h� �r�e�s�i�d�e�s� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�.� �T�h�e�s�e� 

�f�u�n�c�t�i�o�n�s� �a�r�e� �u�s�e�d� �t�o� �t�r�a�n�s�l�a�t�e� �o�r� �t�r�a�n�s�f�o�r�m� �t�h�e� �d�a�t�a� �w�h�i�c�h� �i�s� �b�e�i�n�g� �t�r�a�n�s�f�e�r�r�e�d� �w�i�t�h�i�n� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �4�5



�d�a�t�a� �f�r�o�m� 

�c�l�i�e�n�t� �A� 

� � 

�T�r�a�n�s�f�e�r� �F�u�n�c�t�i�o�n� �-� �A� 
� � 

� � 

� � 

� � � � 
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�C�l�i�e�n�t� �A� �d�a�t�a� �<� �X�-�f�o�r�m� �f�o�r� �B� 
�f�o�r� �C�l�i�e�n�t� �B� 

�o�r� 

�C�l�i�e�n�t� �A� �d�a�t�a� �,� �X�-�f�o�r�m� �f�o�r� �C� 
�f�o�r� �C�l�i�e�n�t� �C� 

�o�r� 

�C�l�i�e�n�t� �A� �d�a�t�a� �<� �X�-�f�o�r�m� �f�o�r� �(�n�)� 
�f�o�r� �C�l�i�e�n�t� �(�n�)� � � 

� � � � � � 
� � 

�F�i�g�u�r�e� �8�:� �S�a�m�p�l�e� �t�r�a�n�s�f�e�r� �f�u�n�c�t�i�o�n�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n



�t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �f�r�o�m� �o�n�e� �a�p�p�l�i�c�a�t�i�o�n� �t�o� �a�n�o�t�h�e�r�.� �T�h�i�s� �i�s� �a� �v�e�r�y� �i�m�p�o�r�t�a�n�t� �s�t�e�p� 

�c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �d�a�t�a� �s�t�r�u�c�t�u�r�e�,� �o�r�d�e�r�i�n�g�,� �a�n�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �a�c�r�o�s�s� �C�A�D� 

�a�p�p�l�i�c�a�t�i�o�n�s� �H�o�w�e�v�e�r�,� �i�n� �t�h�e� �e�v�e�n�t� �t�h�a�t� �n�o� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�r� �t�r�a�n�s�l�a�t�i�o�n� �o�f� �t�h�e� �d�a�t�a� 

�f�o�r�m�a�t� �i�s� �n�e�c�e�s�s�a�r�y� �(�d�a�t�a� �s�t�r�u�c�t�u�r�e�s� �i�n� �t�w�o� �a�p�p�l�i�c�a�t�i�o�n�s� �a�r�e� �i�d�e�n�t�i�c�a�l�)�,� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� 

�s�e�r�v�e�r� �w�i�l�l� �s�i�m�p�l�y� �a�p�p�l�y� �a� �n�e�w� �o�p�c�o�d�e� �t�o� �t�h�e� �m�e�s�s�a�g�e� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �d�a�t�a�,� �a�n�d� �r�e�l�a�y� �i�t� 

�t�o� �t�h�e� �s�e�c�o�n�d� �a�p�p�l�i�c�a�t�i�o�n�.� 

�T�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�e�r�v�e�r�'�s� �d�e�s�i�g�n� �a�l�l�o�w�s� �i�t� �t�o� �r�e�m�a�i�n� �a�s� �a�u�t�o�n�o�m�o�u�s� �a�s� �p�o�s�s�i�b�l�e�,� 

�e�s�t�a�b�l�i�s�h�i�n�g� �a�n�d� �t�e�r�m�i�n�a�t�i�n�g� �c�o�n�n�e�c�t�i�o�n�s� �w�i�t�h� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t�s� �i�n� �t�h�e� �s�y�s�t�e�m�.� �T�h�i�s� 

�a�u�t�o�n�o�m�y� �a�l�l�o�w�s� �c�l�i�e�n�t�s� �t�o� �c�o�n�n�e�c�t� �a�n�d� �d�i�s�c�o�n�n�e�c�t� �w�i�t�h�o�u�t� �a�f�f�e�c�t�i�n�g� �t�h�e� �r�e�m�a�i�n�i�n�g� 

�c�l�i�e�n�t� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�.� �A�n�o�t�h�e�r� �b�e�n�e�f�i�t� �w�h�i�c�h� �s�t�e�m�s� �f�r�o�m� 

�t�h�i�s� �d�e�s�i�g�n� �i�s� �t�h�a�t� �t�h�e� �s�e�r�v�e�r� �c�a�n� �r�e�s�i�d�e� �a�n�y�w�h�e�r�e� �i�n� �t�h�e� �n�e�t�w�o�r�k�,� �a�n�d� �i�s� �n�o�t� �o�b�l�i�g�a�t�e�d� �t�o� 

�b�e� �o�n� �a� �s�p�e�c�i�f�i�c� �m�a�c�h�i�n�e�.� �T�h�e� �o�n�l�y� �s�t�i�p�u�l�a�t�i�o�n� �i�s� �t�h�a�t� �t�h�e� �c�l�i�e�n�t�s� �k�n�o�w� �w�h�e�r�e� �t�h�e� �s�e�r�v�e�r� 

�i�s� �l�o�c�a�t�e�d� �a�n�d� �u�s�e� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �w�h�e�n� �t�h�e�y� �a�t�t�e�m�p�t� �t�o� �c�o�n�n�e�c�t� �t�o� �t�h�e� �s�e�r�v�e�r� �u�s�i�n�g� �t�h�e� 

�s�o�c�k�e�t� �t�h�e�y� �h�a�v�e� �c�r�e�a�t�e�d� �f�o�r� �t�h�i�s� �p�u�r�p�o�s�e�.� 

�4�.�3� �C�o�m�m�u�n�i�c�a�t�i�o�n�s� 

�F�o�r� �e�f�f�e�c�t�i�v�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �c�l�i�e�n�t� �a�n�d� �s�e�r�v�e�r�,� �m�e�s�s�a�g�e�s� �s�e�n�t� 

�m�u�s�t� �b�e� �i�n� �a� �f�o�r�m� �w�h�i�c�h� �i�s� �p�r�e�d�i�c�t�a�b�l�e� �a�n�d� �m�e�a�n�i�n�g�f�u�l�.� �A� �p�r�o�t�o�c�o�l� �w�a�s� �d�e�v�e�l�o�p�e�d� �t�o� 

�f�a�c�i�l�i�t�a�t�e� �t�h�e� �b�u�i�l�d�i�n�g� �a�n�d� �r�e�s�o�l�v�i�n�g� �o�f� �m�e�s�s�a�g�e�s� �b�e�i�n�g� �p�a�s�s�e�d� �i�n� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� 

�E�v�e�r�y� �m�e�s�s�a�g�e� �p�a�s�s�e�d� �c�o�n�t�a�i�n�s� �a� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �c�a�l�l�e�d� �a� �h�e�a�d�e�r� �w�h�i�c�h� �p�r�e�c�e�d�e�s� �a�l�l� �o�t�h�e�r� 

�d�a�t�a�.� �T�h�e� �h�e�a�d�e�r� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �s�u�c�c�e�e�d�i�n�g� �m�e�s�s�a�g�e� �a�n�d� �m�a�j�o�r� �a�n�d� 

�m�i�n�o�r� �o�p�e�r�a�t�i�o�n� �c�o�d�e�s� �(�o�p�c�o�d�e�s�)� �t�o� �a�l�l�o�w� �f�o�r� �p�r�o�p�e�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �s�u�c�c�e�s�s�i�v�e� �m�e�s�s�a�g�e�s� 

�b�y� �t�h�e� �c�l�i�e�n�t� �o�r� �s�e�r�v�e�r�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �4�7



�T�h�e� �h�e�a�d�e�r� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �i�s� �d�e�f�i�n�e�d� �a�s� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �i�n�f�o�r�m�a�t�i�o�n�:� 

�1�)� �s�i�z�e�_�i�n�_�b�y�t�e�s�:� �m�o�s�t� �o�f�t�e�n� �u�s�e�d� �t�o� �t�e�l�l� �t�h�e� �r�e�c�e�i�v�i�n�g� �c�l�i�e�n�t� �h�o�w� �m�u�c�h� �d�a�t�a� �t�o� 

�e�x�p�e�c�t� �a�f�t�e�r� �t�h�e� �h�e�a�d�e�r�.� �I�t� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �t�o� �c�a�r�r�y� �f�l�a�g�s�.� 

�2�)� �m�a�j�_�o�p�c�o�d�e�:� �o�p�e�r�a�t�i�o�n� �c�o�d�e� �u�s�e�d� �t�o� �l�o�c�a�t�e� �t�h�e� �m�a�j�o�r� �c�a�t�e�g�o�r�y� �o�f� �t�h�e� �m�e�s�s�a�g�e�.� 

�3�)� �m�i�n�_�o�p�c�o�d�e�:� �o�p�e�r�a�t�i�o�n� �c�o�d�e� �u�s�e�d� �t�o� �l�o�c�a�t�e� �t�h�e� �s�u�b�o�r�d�i�n�a�t�e� �c�a�t�e�g�o�r�y� �o�f� �t�h�e� 

�m�e�s�s�a�g�e�.� 

�T�h�e� �m�a�j�o�r� �o�p�c�o�d�e� �i�s� �a�n� �i�n�t�e�g�e�r� �w�h�i�c�h� �d�e�n�o�t�e�s� �a� �c�a�t�e�g�o�r�y� �o�f� �m�e�s�s�a�g�e�.� �T�h�e� �i�n�t�e�g�e�r� �a�n�d� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �c�a�t�e�g�o�r�y� �f�o�l�l�o�w�:� 

�0� �I�n�i�t�i�a�l�i�z�a�t�i�o�n� 

�]� �R�e�q�u�e�s�t� 

�2� �U�p�d�a�t�e�/�D�a�t�a� �T�r�a�n�s�f�e�r� 

�3� �R�e�s�p�o�n�s�e� 

�4� �E�r�r�o�r� �M�e�s�s�a�g�e� 

�M�i�n�o�r� �o�p�c�o�d�e�s� �a�r�e� �u�s�e�d� �t�o� �l�o�c�a�t�e�,� �w�i�t�h�i�n� �t�h�e� �m�a�j�o�r� �c�a�t�e�g�o�r�y�,� �t�h�e� �f�u�n�c�t�i�o�n� �o�r� �m�o�d�u�l�e� 

�w�h�i�c�h� �w�i�l�l� �h�a�n�d�l�e� �t�h�e� �i�n�c�o�m�i�n�g� �d�a�t�a�.� �T�h�i�s� �p�r�o�c�e�s�s� �i�s� �d�i�s�c�u�s�s�e�d� �i�n� �m�o�r�e� �d�e�p�t�h� �i�n� �t�h�e� 

�s�e�c�t�i�o�n� �o�n� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n� �p�r�o�t�o�t�y�p�e�.� 

�T�h�e� �D�i�s�t�r�i�b�u�t�e�d� �I�n�t�e�g�r�a�t�i�o�n� �S�o�l�u�t�i�o�n� �4�8



�5�.�0� �S�T�R�U�C�T�U�R�E�D� �A�N�A�L�Y�S�I�S� �A�N�D� �S�T�R�U�C�T�U�R�E�D� �D�E�S�I�G�N� 

�A�S� �a� �p�r�e�c�u�r�s�o�r� �t�o� �t�h�e� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �C�A�S�E� �t�o�o�l�s� �b�a�s�e�d� �o�n� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� 

�i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �p�r�o�c�e�s�s�e�s� �o�f� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t�.� 

�T�h�e� �s�t�e�p�s� �w�h�i�c�h� �t�r�a�d�i�t�i�o�n�a�l�l�y� �c�o�m�p�r�i�s�e� �t�h�e� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �l�i�f�e� �c�y�c�l�e� �a�r�e� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �9�.� �T�h�e�s�e� �f�i�v�e� �s�t�e�p�s� �i�n�c�l�u�d�e�:� 

�1�)� �A�n�a�l�y�s�i�s� �a�n�d� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �r�e�q�u�i�r�e�m�e�n�t�s� 

�2�)� �D�e�s�i�g�n� 

�3�)� �I�m�p�l�e�m�e�n�t�a�t�i�o�n�/�C�o�d�i�n�g� 

�4�)� �T�e�s�t�i�n�g� 

�5�)� �M�a�i�n�t�e�n�a�n�c�e� 

�I�n� �t�h�i�s� �s�e�c�t�i�o�n� �w�e� �w�i�l�l� �t�r�e�a�t� �t�h�e� �i�s�s�u�e�s� �o�f� �R�e�q�u�i�r�e�m�e�n�t�s� �A�n�a�l�y�s�i�s� �a�n�d� �D�e�s�i�g�n� �a�s� �a�p�p�l�i�e�d� 

�t�o� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n�.� �T�h�e� �m�e�t�h�o�d�o�l�o�g�i�e�s� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�o�s�e� 

�u�s�e�d� �b�y� �t�h�e� �C�A�S�E� �t�o�o�l�s� �e�m�p�l�o�y�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �t�o� �a�i�d� �i�n� �t�h�e� �c�o�m�p�l�e�t�i�o�n� �o�f� �t�h�e� �t�a�s�k�s� 

�a�b�o�v�e� �a�r�e� �s�t�r�u�c�t�u�r�e�d� �a�n�a�l�y�s�i�s� �a�n�d� �s�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n�.� 

�5�.�1� �S�t�r�u�c�t�u�r�e�d� �A�n�a�l�y�s�i�s� �a�n�d� �R�e�q�u�i�r�e�m�e�n�t�s� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

�S�t�r�u�c�t�u�r�e�d� �a�n�a�l�y�s�i�s� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �E�d�w�a�r�d� �Y�o�u�r�d�o�n� �a�n�d� �T�o�m� �D�e�M�a�r�c�o� �t�o� �p�r�o�v�i�d�e� �a� 

�m�e�t�h�o�d� �f�o�r� �f�o�c�u�s�i�n�g� �o�n� �a�n� �a�p�p�l�i�c�a�t�i�o�n�'�s� �d�a�t�a� �f�l�o�w�,� �r�a�t�h�e�r� �t�h�a�n� �i�t�s� �c�o�n�t�r�o�l� �f�l�o�w�.� �T�h�e� 

�g�o�a�l� �i�s� �t�o� �p�r�o�d�u�c�e� �a� �g�r�a�p�h�i�c�a�l� �s�t�r�u�c�t�u�r�e�d� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�.� �F�o�r� �t�h�e� 

�p�u�r�p�o�s�e�s� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�e�d� �i�n�t�e�g�r�a�t�i�o�n� �s�o�l�u�t�i�o�n�,� �a� �s�t�r�u�c�t�u�r�e�d� �s�p�e�c�i�f�i�c�a�t�i�o�n� �w�a�s� �c�r�e�a�t�e�d� 

�u�s�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �t�o�o�l�s�:� 

�1�)� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s�:� �u�s�e�d� �d�u�r�i�n�g� �a�n�a�l�y�s�i�s� �t�o� �d�e�f�i�n�e� �t�h�e� �p�r�o�b�l�e�m� �c�o�m�p�o�n�e�n�t�s� �a�n�d� 

�t�h�e� �d�a�t�a� �t�r�a�n�s�f�e�r�r�e�d� �a�m�o�n�g� �t�h�e�m�.� �I�t� �i�s� �a� �g�r�a�p�h�i�c�a�l� �d�e�p�i�c�t�i�o�n� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�t� �d�a�t�a� 

�i�t�e�m�s� �i�n� �a� �s�y�s�t�e�m� �a�n�d� �t�h�e�i�r� �m�o�v�e�m�e�n�t�.� 

�S�t�r�u�c�t�u�r�e�d� �A�n�a�l�y�s�i�s� �a�n�d� �S�t�r�u�c�t�u�r�e�d� �D�e�s�i�g�n� �4�9
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�C�O�D�I�N�G� �T�E�S�T�I�N�G� 

� � � � 

�a�e� 

�F�i�g�u�r�e� �9�:� �S�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �l�i�f�e�-�c�y�c�l�e�.� 

�S�t�r�u�c�t�u�r�e�d� �A�n�a�l�y�s�i�s� �a�n�d� �S�t�r�u�c�t�u�r�e�d� �D�e�s�i�g�n� �5�0



�2�)� �d�a�t�a� �d�i�c�t�i�o�n�a�r�y�:� �a� �c�a�t�a�l�o�g� �o�f� �a�l�l� �d�a�t�a� �i�t�e�m�s� �f�o�u�n�d� �i�n� �t�h�e� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s�.� 

�3�)� �p�r�o�c�e�s�s� �s�p�e�c�i�f�i�c�a�t�i�o�n�s�:� �a�l�s�o� �c�a�l�l�e�d� �m�i�n�i�-�s�p�e�c�s� �t�h�e�y� �d�o�c�u�m�e�n�t� �d�a�t�a� 

�t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �o�c�c�u�r�r�i�n�g� �i�n� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s�.� �D�e�c�i�s�i�o�n� �t�a�b�l�e�s�,� �d�e�c�i�s�i�o�n� 

�t�r�e�e�s�,� �s�t�r�u�c�t�u�r�e�d� �E�n�g�l�i�s�h�,� �a�n�d� �p�s�e�u�d�o�c�o�d�e� �a�r�e� �a�l�l� �p�r�o�c�e�s�s� �s�p�e�c�i�f�i�c�a�t�i�o�n� 

�t�e�c�h�n�i�q�u�e�s�.� 

�T�h�e� �f�i�r�s�t� �s�t�e�p� �i�n� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �t�h�e� �s�t�r�u�c�t�u�r�e�d� �s�p�e�c�i�f�i�c�a�t�i�o�n� �w�a�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �a� �d�a�t�a� 

�f�l�o�w� �d�i�a�g�r�a�m� �f�o�r� �t�h�e� �e�n�t�i�r�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m�.� �D�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s� �o�f�f�e�r� �a� �t�o�p�-�d�o�w�n� 

�v�i�e�w� �o�f� �t�h�e� �s�y�s�t�e�m� �t�o� �b�e� �c�r�e�a�t�e�d� �f�r�o�m� �a� �d�a�t�a� �p�e�r�s�p�e�c�t�i�v�e�.� �I�n� �a� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�,� �d�a�t�a� 

�e�l�e�m�e�n�t�s� �f�l�o�w� �f�r�o�m� �p�r�o�c�e�s�s� �n�o�d�e� �t�o� �p�r�o�c�e�s�s� �n�o�d�e�,� �w�h�e�r�e� �t�h�e�y� �a�r�e� �t�r�a�n�s�f�o�r�m�e�d�.� �T�h�e�r�e� 

�i�s� �n�o� �n�o�t�i�o�n� �o�f� �c�o�n�t�r�o�l� �f�l�o�w�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s�,� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s� �b�e�s�t� �d�e�p�i�c�t� �a� �s�y�s�t�e�m� 

�a�s� �v�i�e�w�e�d� �b�y� �t�h�e� �e�n�d� �u�s�e�r�.� 

�D�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s� �c�o�n�s�i�s�t� �o�f� �f�o�u�r� �g�r�a�p�h�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�0�.� �T�h�e� 

�b�o�t�t�o�m�-�l�e�v�e�l� �p�r�o�c�e�s�s� �i�n� �a� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m� �h�a�s� �a� �p�r�o�c�e�s�s� �s�p�e�c�i�f�i�c�a�t�i�o�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�i�t�.� �T�h�e� �p�r�o�c�e�s�s� �s�p�e�c�i�f�i�c�a�t�i�o�n� �d�e�s�c�r�i�b�e�s� �t�h�e� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �d�a�t�a� �i�n�p�u�t� �t�o� �t�h�e� 

�p�r�o�c�e�s�s� �i�n�t�o� �o�u�t�p�u�t�.� �A�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �e�l�e�m�e�n�t� �o�f� �t�h�e� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m� �i�s� �t�h�e� �d�a�t�a� 

�d�i�c�t�i�o�n�a�r�y�.� �A�l�s�o� �s�h�o�w�n� �i�n� �t�h�e� �f�i�g�u�r�e� �a�r�e� �a� �f�e�w� �o�f� �t�h�e� �n�o�t�a�t�i�o�n�s� �e�m�p�l�o�y�e�d� �i�n� �t�h�e� �d�a�t�a� 

�d�i�c�t�i�o�n�a�r�y� �w�h�i�c�h� �a�r�e� �u�s�e�d� �t�o� �i�n�t�e�r�p�r�e�t� �t�h�e� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s�.� �A� �d�a�t�a� �d�i�c�t�i�o�n�a�r�y� �i�s� �a� 

�r�e�f�e�r�e�n�c�e� �o�f� �a�l�l� �t�h�e� �d�a�t�a� �e�l�e�m�e�n�t�s� �f�o�u�n�d� �i�n� �a� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�.� �A�l�l� �a�t�t�r�i�b�u�t�e�s� �o�f� �a� 

�p�a�r�t�i�c�u�l�a�r� �p�i�e�c�e� �o�f� �d�a�t�a� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �t�h�e� �d�a�t�a� �d�i�c�t�i�o�n�a�r�y�.� 

�I�n� �s�u�m�m�a�r�y�,� �t�h�e� �i�m�p�o�r�t�a�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m� �a�r�e�:� 

�1�)� �g�r�a�p�h�i�c�a�l� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �o�f� �r�e�q�u�i�r�e�m�e�n�t�s� 

�2�)� �h�i�e�r�a�r�c�h�i�c�a�l� �a�n�d� �m�u�l�t�i�-�l�e�v�e�l� �i�n� �n�a�t�u�r�e� 

�3�)� �e�m�p�h�a�s�i�s� �o�n� �d�a�t�a� �f�l�o�w� �i�n�s�t�e�a�d� �o�f� �c�o�n�t�r�o�l� �f�l�o�w� 

�4�)� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �s�o�f�t�w�a�r�e� �r�e�q�u�i�r�e�m�e�n�t�s�,� �n�o�t� �s�o�f�t�w�a�r�e� �d�e�s�i�g�n� 

�S�t�r�u�c�t�u�r�e�d� �A�n�a�l�y�s�i�s� �a�n�d� �S�t�r�u�c�t�u�r�e�d� �D�e�s�i�g�n� �5�1



�D�a�t�a� �D�i�c�t�i�o�n�a�r�y� �E�n�t�r�y� �O�p�e�r�a�t�o�r�s� 

�O�p�e�r�a�t�o�r� �E�x�a�m�p�l�e� �D�e�f�i�n�i�t�i�o�n� 

�+� �a�+�b� �a� �t�o�g�e�t�h�e�r� �w�i�t�h� �b� 

�[�]� �[�a�/�b�]� �s�e�l�e�c�t� �e�i�t�h�e�r� �a� �o�r� �b� 

�*�*� �*�c�o�m�m�e�n�t�*� �c�o�m�m�e�n�t� 

�D�a�t�a� �F�l�o�w� �D�i�a�g�r�a�m� �C�o�m�p�o�n�e�n�t�s� 

�S�y�m�b�o�l� �N�a�m�e� �F�u�n�c�t�i�o�n� 

 ��>� �D�a�t�a� �f�l�o�w�s� �D�a�t�a� �s�t�r�u�c�t�u�r�e�s� �i�n�p�u�t� �t�o� �a�n�d� 
�o�u�t�p�u�t� �f�r�o�m� �t�h�e� �p�r�o�c�e�s�s� 

�C�)� �P�r�o�c�e�s�s� �n�o�d�e�s� �T�r�a�n�s�f�o�r�m� �i�n�c�o�m�i�n�g� �d�a�t�a� �f�l�o�w�s� 
�t�o� �o�u�t�g�o�i�n�g� �d�a�t�a� �f�l�o�w�s� 

�T�]� �D�a�t�a� �s�o�u�r�c�e�s� �E�x�t�e�r�n�a�l� �o�r�i�g�i�n�a�t�o�r�s� �a�n�d� �r�e�c�e�i�v�e�r�s� 
�+� �s�i�n�k�s� �o�f� �d�a�t�a� �f�l�o�w�s� 

 ��_� �D�a�t�a� �s�t�o�r�e�s� �R�e�p�o�s�i�t�o�r�i�e�s� �w�h�i�c�h� �a�l�l�o�w� �a�d�d�i�t�i�o�n� 
 �� �a�n�d� �r�e�t�r�i�e�v�a�l� �o�f� �d�a�t�a� 

�F�i�g�u�r�e� �1�0�:� �C�o�m�p�o�n�e�n�t�s� �o�f� �a� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�.� 

�S�t�r�u�c�t�u�r�e�d� �A�n�a�l�y�s�i�s� �a�n�d� �S�t�r�u�c�t�u�r�e�d� �D�e�s�i�g�n� �5�2



�5�.�2� �S�t�r�u�c�t�u�r�e�d� �D�e�s�i�g�n� 

�S�t�r�u�c�t�u�r�e�d� �a�n�a�l�y�s�i�s� �a�n�d� �s�p�e�c�i�f�i�c�a�t�i�o�n� �i�s� �a� �f�i�r�s�t� �s�t�e�p� �t�o� �t�h�e� �a�c�h�i�e�v�e�m�e�n�t� �o�f� �a� �s�t�r�u�c�t�u�r�e�d� 

�d�e�s�i�g�n�.� �S�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n� �a�r�t�i�c�u�l�a�t�e�s� �a� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m�'�s� �i�n�t�e�r�n�a�l� �a�r�c�h�i�t�e�c�t�u�r�e�,� �w�h�i�l�e� 
� � 

�s�t�r�u�c�t�u�r�e�d� �a�n�a�l�y�s�i�s� �m�e�t�h�o�d�o�l�o�g�i�e�s�,� �s�u�c�h� �a�s� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s�,� �e�m�p�h�a�s�i�z�e� �a� �s�y�s�t�e�m�'�s� 

�e�x�t�e�r�n�a�l� �o�r� �u�s�e�r�'�s� �v�i�e�w�.� �I�t� �i�s� �a� �p�r�o�c�e�s�s� �w�h�e�r�e�b�y� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �t�r�a�n�s�f�o�r�m�e�d� 

�i�n�t�o� �a� �p�l�a�n� �f�o�r� �i�m�p�l�e�m�e�n�t�i�n�g� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�.� �F�i�g�u�r�e� �1�1� �s�h�o�w�s� �t�h�e� �p�r�o�c�e�s�s� �o�f� 

�s�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n� �a�s� �d�e�f�i�n�e�d� �b�y� �Y�o�u�r�d�o�n� �[�P�a�g�e�8�8�]�.� �N�o�t�i�c�e� �t�h�a�t� �s�t�r�u�c�t�u�r�e�d� �a�n�a�l�y�s�i�s� �i�s� �a� 

�n�e�c�e�s�s�a�r�y� �f�i�r�s�t� �s�t�e�p�.� 

�T�h�e� �C�A�S�E� �w�o�r�k�b�e�n�c�h� �a�i�d�s� �i�n� �t�h�e� �t�r�a�n�s�i�t�i�o�n� �f�r�o�m� �s�t�r�u�c�t�u�r�e�d� �a�n�a�l�y�s�i�s� �t�o� �s�t�r�u�c�t�u�r�e�d� 

�d�e�s�i�g�n� �b�y� �s�u�p�p�l�y�i�n�g� �a�i�d�s� �t�o� �t�r�a�n�s�f�o�r�m� �a�n�a�l�y�s�i�s� �r�e�q�u�i�r�e�m�e�n�t�s� �i�n�t�o� �d�e�s�i�g�n� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� 

�f�o�r� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�.� �T�h�e�s�e� �d�e�s�i�g�n� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �a�r�e� �u�s�u�a�l�l�y� �i�n� �t�h�e� �f�o�r�m� �o�f� �a� �s�t�r�u�c�t�u�r�e� 

�c�h�a�r�t�.� �T�h�e� �t�h�r�e�e� �s�t�e�p�s� �u�s�e�d� �t�o� �c�r�e�a�t�e� �s�t�r�u�c�t�u�r�e� �c�h�a�r�t�s�,� �a�s� �d�e�f�i�n�e�d� �b�y� �P�a�g�e�-�J�o�n�e�s�,� 

�[�P�a�g�e�8�8�]� �a�r�e�:� 

�1�)� �B�r�e�a�k� �t�h�e� �s�y�s�t�e�m� �i�n�t�o� �s�i�m�i�l�a�r� �u�n�i�t�s� �u�s�i�n�g� �t�r�a�n�s�a�c�t�i�o�n� �a�n�a�l�y�s�i�s�.� 

�2�)� �C�o�n�v�e�r�t� �e�a�c�h� �u�n�i�t� �i�n�t�o� �a� �s�t�r�u�c�t�u�r�e� �c�h�a�r�t� �u�s�i�n�g� �t�r�a�n�s�f�o�r�m� �a�n�a�l�y�s�i�s�.� 

�3�)� �C�o�n�s�t�r�u�c�t� �a�n� �o�v�e�r�a�l�l� �s�y�s�t�e�m� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �f�r�o�m� �t�h�e� �s�e�p�a�r�a�t�e� �u�n�i�t�s�.� 

�T�r�a�n�s�a�c�t�i�o�n� �a�n�a�l�y�s�i�s� �i�d�e�n�t�i�f�i�e�s� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n� �t�y�p�e�s� �o�f� �a� �s�y�s�t�e�m� �a�n�d� �u�s�e�s� �t�h�e�m� �a�s� �t�h�e� 

�u�n�i�t�s� �o�f� �d�e�s�i�g�n�.� �T�r�a�n�s�a�c�t�i�o�n� �t�y�p�e�s� �a�r�e� �i�d�e�n�t�i�f�i�e�d� �o�n� �t�h�e� �d�a�t�a� �f�l�o�w� �m�o�d�e�l� �o�f� �t�h�e� �s�y�s�t�e�m� 

�b�y� �s�t�u�d�y�i�n�g� �t�h�e� �d�i�s�c�r�e�t�e� �e�v�e�n�t� �t�y�p�e�s� �t�h�a�t� �d�r�i�v�e� �t�h�e� �s�y�s�t�e�m�.� 

�T�r�a�n�s�f�o�r�m�a�t�i�o�n� �a�n�a�l�y�s�i�s� �i�s� �t�h�e� �s�t�r�a�t�e�g�y� �u�s�e�d� �t�o� �c�o�n�v�e�r�t� �e�a�c�h� �u�n�i�t� �o�f� �t�h�e� �d�a�t�a� �f�l�o�w� 

�d�i�a�g�r�a�m�,� �w�h�i�c�h� �w�a�s� �i�s�o�l�a�t�e�d� �i�n� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n� �a�n�a�l�y�s�i�s�,� �i�n�t�o� �a� �s�t�r�u�c�t�u�r�e� �c�h�a�r�t�.� �T�h�i�s� 

�m�e�t�h�o�d� �c�o�n�s�i�s�t�s� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�i�v�e� �s�t�e�p�s�:� 

�S�t�r�u�c�t�u�r�e�d� �A�n�a�l�y�s�i�s� �a�n�d� �S�t�r�u�c�t�u�r�e�d� �D�e�s�i�g�n� �5�3
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�|�.� �D�R�A�W� �P�R�O�G�R�A�M� �L�E�V�E�L� 

�2�.� �D�R�A�W� 
�S�T�R�U�C�T�U�R�E� 

�C�H�A�R�T� �H�I�G�H�-�L�E�V�E�L� 
�S�T�R�U�C�T�U�R�E� �C�H�A�R�T�S� 

�3�.� �E�V�A�L�U�A�T�E� 
�D�E�S�I�G�N� 

�C�O�M�P�L�E�T�E�D� 
�S�T�R�U�C�T�U�R�E� �C�H�A�R�T�S� 

�4�.� �P�R�E�P�A�R�E� 
�D�E�S�I�G�N� �F�O�R� 
�I�M�P�L�E�M�E�N�T�A�T�I�O�N� 

�L�O�G�I�C�A�L� �A�N�D� 
�P�H�Y�S�I�C�A�L� 
�P�R�O�G�R�A�M� 
�D�E�S�I�G�N� 

�F�i�g�u�r�e� �1�1�:� �T�h�e� �Y�o�u�r�d�o�n� �s�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n� �p�r�o�c�e�s�s� �[�P�a�g�e�8�8�]�.� 

�S�t�r�u�c�t�u�r�e�d� �A�n�a�l�y�s�i�s� �a�n�d� �S�t�r�u�c�t�u�r�e�d� �D�e�s�i�g�n� �5�4



�1�)� �D�r�a�w�i�n�g� �a� �D�F�D� �(�d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�)� �o�f� �a� �t�r�a�n�s�a�c�t�i�o�n� �t�y�p�e�.� 

�2�)� �F�i�n�d�i�n�g� �t�h�e� �c�e�n�t�r�a�l� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �D�F�D�.� 

�3�)� �C�o�n�v�e�r�t�i�n�g� �t�h�e� �D�F�D� �i�n�t�o� �a� �f�i�r�s�t� �d�r�a�f�t� �o�f� �t�h�e� �s�t�r�u�c�t�u�r�e� �c�h�a�r�t�.� 

�4�)� �R�e�f�i�n�i�n�g� �t�h�e� �D�F�D�.� 

�5�)� �V�e�r�i�f�y�i�n�g� �t�h�e� �s�t�r�u�c�t�u�r�e� �c�h�a�r�t� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� �D�F�D�.� 

�T�h�e� �p�r�o�c�e�s�s� �o�f� �t�r�a�n�s�f�o�r�m�i�n�g� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s� �r�e�p�r�e�s�e�n�t�i�n�g� �t�r�a�n�s�a�c�t�i�o�n�s� �i�n�t�o� �s�t�r�u�c�t�u�r�e� 

�c�h�a�r�t�s� �i�s� �n�o�t� �a�l�g�o�r�i�t�h�m�i�c�.� �I�n�s�t�e�a�d�,� �t�r�a�n�s�f�o�r�m� �a�n�a�l�y�s�i�s� �i�s� �a� �s�t�r�a�t�e�g�y� �w�h�i�c�h� �p�r�o�d�u�c�e�s� �a� 

�r�o�u�g�h� �d�r�a�f�t� �o�f� �t�h�e� �s�y�s�t�e�m�,� �r�e�q�u�i�r�i�n�g� �s�e�v�e�r�a�l� �i�t�e�r�a�t�i�o�n�s� �t�o� �p�e�r�f�e�c�t�.� 

�W�h�e�n� �c�o�m�p�l�e�t�e�d�,� �s�t�r�u�c�t�u�r�e� �c�h�a�r�t�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m� �i�n� �a� �h�i�e�r�a�r�c�h�i�c�a�l� �a�n�d� 

�m�o�d�u�l�a�r� �f�a�s�h�i�o�n�.� �D�a�t�a� �t�r�a�n�s�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �m�o�d�u�l�e�s�,� �c�a�l�l�e�d� �d�a�t�a� �c�o�u�p�l�e�s�,� �a�r�e� 

�r�e�p�r�e�s�e�n�t�e�d� �a�s� �w�e�l�l�.� �I�n� �t�h�e� �f�i�g�u�r�e� �w�h�i�c�h� �d�e�f�i�n�e�s� �s�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n� �a�c�c�o�r�d�i�n�g� �t�o� 

�Y�o�u�r�d�o�n�,� �S�t�e�p�s� �1� �a�n�d� �2� �r�e�f�e�r� �t�o� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�a�l�y�s�i�s� �a�n�d� �s�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n�.� �S�t�e�p� �3� �i�s� 

�d�e�s�i�g�n�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �d�e�s�i�g�n�.� �T�h�i�s� �e�v�a�l�u�a�t�i�o�n� �i�s� �m�a�d�e� �b�a�s�e�d� �o�n� �d�a�t�a� 

�c�o�u�p�l�i�n�g� �a�n�d� �c�o�h�e�s�i�o�n�.� �D�a�t�a� �c�o�u�p�l�i�n�g� �i�s� �a� �m�e�a�s�u�r�e� �o�f� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �c�o�n�n�e�c�t�i�o�n�s� 

�b�e�t�w�e�e�n� �m�o�d�u�l�e�s�.� �I�n� �t�h�i�s� �r�e�s�p�e�c�t�,� �t�h�e� �s�i�m�p�l�e�r� �t�h�e� �c�o�n�n�e�c�t�i�o�n�s�,� �t�h�e� �b�e�t�t�e�r�.� �C�o�h�e�s�i�o�n� �i�s� 

�a� �m�e�a�s�u�r�e� �o�f� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �f�u�n�c�t�i�o�n�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�s� �w�i�t�h�i�n� �a� �m�o�d�u�l�e�.� �S�t�e�p� �4� �i�s� �a�n� 

�i�t�e�r�a�t�i�v�e� �p�r�o�c�e�s�s� �w�h�e�r�e�b�y� �m�o�d�u�l�e�s� �a�r�e� �d�i�v�i�d�e�d� �u�n�t�i�l� �t�h�e� �l�o�w�e�s�t� �l�e�v�e�l� �c�a�n� �b�e� �u�s�e�d� �f�o�r� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �d�e�s�i�g�n�.� 

�S�t�r�u�c�t�u�r�e� �c�h�a�r�t�s� �s�h�o�w� �o�n�l�y� �t�h�e� �o�v�e�r�a�l�l� �s�t�r�u�c�t�u�r�e� �o�f� �a� �s�y�s�t�e�m�,� �w�i�t�h� �v�e�r�y� �l�i�t�t�l�e� �p�r�o�c�e�d�u�r�a�l� 

�d�e�t�a�i�l�.� �I�n� �o�r�d�e�r� �t�o� �e�n�a�b�l�e� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �t�o� �m�a�k�e� �t�h�e� �t�r�a�n�s�i�t�i�o�n� �f�r�o�m� �s�t�r�u�c�t�u�r�e� �c�h�a�r�t� �t�o� 

�a�c�t�u�a�l� �c�o�d�e�,� �s�o�m�e� �s�o�r�t� �o�f� �p�r�o�c�e�d�u�r�a�l� �i�n�f�o�r�m�a�t�i�o�n� �m�u�s�t� �b�e� �g�i�v�e�n� �a�b�o�u�t� �e�a�c�h� �m�o�d�u�l�e�.� 

�T�h�e�r�e� �a�r�e� �t�w�o� �p�o�s�s�i�b�l�e� �m�e�t�h�o�d�s� �b�y� �w�h�i�c�h� �t�h�i�s� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d�:� 

�1�)� �m�o�d�u�l�e� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �(�m�-�s�p�e�c�)�:� �g�i�v�e� �i�n�p�u�t� �a�n�d� �o�u�t�p�u�t� �e�x�p�e�c�t�e�d� �f�r�o�m� �t�h�e� �m�o�d�u�l�e� 

�a�n�d� �t�h�e� �f�u�n�c�t�i�o�n� �t�h�e� �m�o�d�u�l�e� �i�s� �e�x�p�e�c�t�e�d� �t�o� �p�e�r�f�o�r�m�.� �N�o� �p�a�r�t�i�c�u�l�a�r� �s�t�r�u�c�t�u�r�a�l� 

�S�t�r�u�c�t�u�r�e�d� �A�n�a�l�y�s�i�s� �a�n�d� �S�t�r�u�c�t�u�r�e�d� �D�e�s�i�g�n� �5�5



�i�n�f�o�r�m�a�t�i�o�n� �p�e�r�t�a�i�n�i�n�g� �t�o� �t�h�e� �c�o�d�e� �i�s� �n�e�c�e�s�s�a�r�i�l�y� �s�p�e�c�i�f�i�e�d�,� �a�l�t�h�o�u�g�h� �t�h�e� 

�p�o�s�s�i�b�i�l�i�t�y� �e�x�i�s�t�s� �f�o�r� �a�c�t�u�a�l� �s�o�u�r�c�e� �c�o�d�e� �t�o� �b�e� �p�l�a�c�e�d� �i�n� �t�h�e� �m�-�s�p�e�c�,� �w�h�i�c�h� �i�s� 

�t�h�e�n� �e�m�b�e�d�d�e�d� �i�n� �t�h�e� �s�o�u�r�c�e� �c�o�d�e� �o�f� �t�h�e� �s�y�s�t�e�m� �w�h�e�n� �c�o�m�p�l�e�t�e�.� 

�2�)� �s�p�e�c�i�f�i�c�a�t�i�o�n� �b�y� �p�s�e�u�d�o�c�o�d�e�:� �s�p�e�c�i�f�i�e�s� �h�o�w� �t�h�e� �m�o�d�u�l�e� �s�h�o�u�l�d� �b�e� �p�r�o�g�r�a�m�m�e�d� 

�b�y� �u�s�i�n�g� �a�n� �i�n�f�o�r�m�a�l� �l�a�n�g�u�a�g�e� �s�i�m�i�l�a�r� �t�o� �s�t�r�u�c�t�u�r�e�d� �E�n�g�l�i�s�h�.� 

�F�i�g�u�r�e� �1�2� �s�h�o�w�s� �a� �s�a�m�p�l�e� �s�t�r�u�c�t�u�r�e� �c�h�a�r�t� �a�n�d� �d�e�f�i�n�e�s� �c�o�m�m�o�n�l�y� �u�s�e�d� �n�o�t�a�t�i�o�n�s�.� 

�U�s�i�n�g� �m�o�d�u�l�e� �s�p�e�c�i�f�i�c�a�t�i�o�n�s�,� �a� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �i�s� �a�b�l�e� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�s�p�e�c�i�f�i�c� �d�e�t�a�i�l�s� �u�s�i�n�g� �C� �l�a�n�g�u�a�g�e� �s�y�n�t�a�x�.� �A�t�t�r�i�b�u�t�e�s� �w�h�i�c�h� �f�u�r�t�h�e�r� �d�e�s�c�r�i�b�e� �t�h�e�s�e� �d�e�t�a�i�l�s� 

�a�r�e� �t�h�e�n� �a�d�d�e�d� �t�o� �t�h�e� �d�a�t�a� �d�i�c�t�i�o�n�a�r�y�.� �T�h�e� �C� �S�o�u�r�c�e� �B�u�i�l�d�e�r� �i�s� �t�h�e�n� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� 

�t�h�e� �C�-�s�o�u�r�c�e� �c�o�d�e� �f�i�l�e�s� �f�r�o�m� �t�h�e� �s�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n� �m�o�d�e�l� �(�s�t�r�u�c�t�u�r�e� �c�h�a�r�t�s� �a�n�d� �m�o�d�u�l�e� 

�s�p�e�c�i�f�i�c�a�t�i�o�n�s�)�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �s�o�u�r�c�e� �c�o�d�e� �i�s� �c�o�m�p�i�l�e�d� �a�n�d� �l�i�n�k�e�d� �t�o� �p�r�o�d�u�c�e� �a�n� 

�e�x�e�c�u�t�a�b�l�e� �s�y�s�t�e�m�.� �T�h�e� �c�o�m�p�i�l�e�/�l�i�n�k� �p�r�o�c�e�s�s� �i�s� �d�o�n�e� �o�u�t�s�i�d�e� �o�f� �t�h�e� �C�A�S�E� �w�o�r�k�b�e�n�c�h� 

�e�n�v�i�r�o�n�m�e�n�t�.� 

�S�t�r�u�c�t�u�r�e�d� �A�n�a�l�y�s�i�s� �a�n�d� �S�t�r�u�c�t�u�r�e�d� �D�e�s�i�g�n� �5�6
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�p�l�a�i�n� �m�o�d�u�l�e�s� �r�e�p�r�e�s�e�n�t� 

�a� �f�u�n�c�o�o�n� 
�p�l�a�i�n� �m�o�d�u�l�e� 
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�6�.�0� �I�N�T�E�G�R�A�T�I�O�N� �T�O�O�L�K�I�T� 

�C�A�S�E� �t�o�o�l�s� �a�r�e� �t�o�o�l�s� �w�h�i�c�h� �l�e�v�e�r�a�g�e� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �d�e�s�i�g�n� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �p�h�a�s�e�s� 

�o�f� �t�h�e� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �c�y�c�l�e�,� �o�r� �t�h�a�t� �g�e�n�e�r�a�t�e� �c�o�d�e�.� �I�n� �t�h�i�s� �r�e�s�p�e�c�t�,� �t�h�e� 

�I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t� �i�s� �a� �C�A�S�E� �t�o�o�l� �b�e�c�a�u�s�e� �i�t� �a�i�d�s� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �i�n� 

�g�e�n�e�r�a�t�i�n�g� �a�n� �i�n�t�e�g�r�a�t�e�d� �s�y�s�t�e�m�.� 

�T�h�e� �C�A�S�E� �w�o�r�k�b�e�n�c�h� �b�y� �C�A�D�R�E� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �c�o�n�v�e�r�t�e�d� �i�n�t�o� �w�h�a�t� �i�s� �d�e�f�i�n�e�d� �i�n� �t�h�i�s� 

�r�e�s�e�a�r�c�h� �a�s� �t�h�e� �C�A�D�/�C�A�M� �C�A�S�E� �W�o�r�k�b�e�n�c�h� �b�y� �u�s�i�n�g� �s�p�e�c�i�f�i�c� �c�o�m�p�o�n�e�n�t�s� �o�f� 

�T�e�a�m�w�o�r�k� �(�t�h�e� �C�A�D�R�E� �C�A�S�E� �p�r�o�d�u�c�t�)� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �t�h�e� �I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t�.� 

�T�h�e� �I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t� �w�i�l�l� �a�p�p�e�a�r� �t�o� �t�h�e� �u�s�e�r� �a�s� �a� �p�a�r�t� �o�f� �T�e�a�m�w�o�r�k� �b�e�c�a�u�s�e� �i�t� �w�i�l�l� �b�e� 

�i�n�t�e�g�r�a�t�e�d� �i�n�t�o� �t�h�e� �g�e�n�e�r�i�c� �C�A�S�E� �w�o�r�k�b�e�n�c�h� �u�s�i�n�g� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �p�r�o�d�u�c�t� �s�u�p�p�o�r�t� 

�e�n�v�i�r�o�n�m�e�n�t� �(�I�P�S�E�)� �s�u�p�p�l�i�e�d� �b�y� �C�A�D�R�E�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �T�e�a�m�w�o�r�k� �c�o�m�p�o�n�e�n�t�s� �a�r�e� 

�u�s�e�d� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t� �t�o� �f�o�r�m� �t�h�e� �C�A�D�/�C�A�M� �C�A�S�E� �W�o�r�k�b�e�n�c�h�:� 

�T�e�a�m�w�o�r�k�/�S�A� �B�a�s�e�d� �o�n� �Y�o�u�r�d�o�n�-�D�e�M�a�r�c�o� �m�e�t�h�o�d�o�l�o�g�i�e�s�,� �t�h�i�s� �t�o�o�l� �i�s� �a�n� 

�e�d�i�t�o�r� �f�o�r� �c�r�e�a�t�i�n�g� �a�n�d� �e�d�i�t�i�n�g� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m�s� �a�n�d� �m�i�n�i�-� 
�s�p�e�c�s� �(�p�r�o�c�e�s�s� �s�p�e�c�i�f�i�c�a�t�i�o�n�s�)�.� �I�t� �b�u�i�l�d�s� �i�n�p�u�t� �a�n�d� �o�u�t�p�u�t� �l�i�s�t�s� 

�f�o�r� �e�v�e�r�y� �p�r�o�c�e�s�s� �n�o�d�e� �i�n� �t�h�e� �d�a�t�a� �f�l�o�w� �d�i�a�g�r�a�m� �a�n�d� �a�l�l�o�w�s� 

�t�h�e� �d�e�v�e�l�o�p�e�r� �t�o� �a�t�t�a�c�h� �c�o�d�e� �t�o� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �p�r�o�c�e�s�s� �n�o�d�e� 

�m�i�n�i�-�s�p�e�c�s�.� �T�h�i�s� �t�o�o�l� �a�i�d�s� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �i�n� 

�t�h�e� �c�o�m�p�l�e�t�i�o�n� �o�f� �t�h�e� �s�t�r�u�c�t�u�r�e�d� �a�n�a�l�y�s�i�s� �a�n�d� �r�e�q�u�i�r�e�m�e�n�t�s� 

�s�t�a�g�e� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �l�i�f�e�-�c�y�c�l�e�.� 

�T�e�a�m�w�o�r�k�/�S�D� �A�n� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �Y�o�u�r�d�o�n�-�C�o�n�s�t�a�n�t�i�n�e� �s�t�r�u�c�t�u�r�e�d� 

�d�e�s�i�g�n� �m�e�t�h�o�d�o�l�o�g�y�.� �T�h�e� �s�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n� �m�o�d�u�l�e� �p�r�o�v�i�d�e�s� 

�f�o�r� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �s�o�f�t�w�a�r�e� �m�o�d�u�l�e�s� �i�n� �a� �t�o�p�-�d�o�w�n� 

�s�t�r�u�c�t�u�r�e�d� �c�h�a�r�t�.� �I�t� �a�l�s�o� �b�u�i�l�d�s� �i�n�p�u�t� �a�n�d� �o�u�t�p�u�t� �l�i�s�t�s�,� �b�a�s�e�d� 

�o�n� �d�a�t�a� �c�o�u�p�l�e�s�,� �f�o�r� �e�a�c�h� �m�o�d�u�l�e� �i�n� �t�h�e� �s�t�r�u�c�t�u�r�e� �c�h�a�r�t�.� 

�I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t� �3�8



�D�e�v�e�l�o�p�e�r�s� �c�a�n� �i�n�c�o�r�p�o�r�a�t�e� �c�o�d�e� �i�n� �e�a�c�h� �m�o�d�u�l�e�'�s� �m�-�s�p�e�c� 

�(�m�o�d�u�l�e� �s�p�e�c�i�f�i�c�a�t�i�o�n�)� �w�h�i�c�h� �i�s� �u�s�e�d� �b�y� �t�h�e� �s�o�u�r�c�e� �c�o�d�e� 

�g�e�n�e�r�a�t�o�r�.� �T�h�i�s� �t�o�o�l� �h�e�l�p�s� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� 

�c�o�m�p�l�e�t�e� �t�h�e� �s�e�c�o�n�d� �s�t�a�g�e� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �l�i�f�e�-� 

�c�y�c�l�e�.� 

�T�e�a�m�w�o�r�k�/�I�P�S�E� �T�h�e� �I�n�t�e�g�r�a�t�e�d� �P�r�o�d�u�c�t� �S�u�p�p�o�r�t� �E�n�v�i�r�o�n�m�e�n�t� �(�I�P�S�E�)� �i�s� �a� �t�o�o�l� 

�w�h�i�c�h� �s�e�r�v�e�s� �a�s� �a� �f�r�a�m�e�w�o�r�k� �i�n�t�o� �w�h�i�c�h� �o�t�h�e�r� �t�o�o�l�s� �f�i�t�.� �I�t� 

�e�n�a�b�l�e�s� �t�o�o�l�s� �a�n�d� �t�o�o�l�k�i�t�s� �f�r�o�m� �v�a�r�i�o�u�s� �s�o�u�r�c�e�s� �t�o� �b�e� �j�o�i�n�e�d� �i�n� 

�a� �c�o�m�m�o�n� �m�a�n�n�e�r�.� �D�a�t�a� �s�h�a�r�i�n�g� �b�e�t�w�e�e�n� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� 

�w�o�r�k�b�e�n�c�h� �i�s� �e�n�a�b�l�e�d�.� �T�h�e� �I�P�S�E� �p�r�o�v�i�d�e�s� �a� �c�o�m�m�o�n� �u�s�e�r� 

�i�n�t�e�r�f�a�c�e� �f�o�r� �t�o�o�l�s�.� 

�C�-�S�o�u�r�c�e� �B�u�i�l�d�e�r� �U�s�i�n�g� �t�h�e� �m�o�d�e�l�s� �c�r�e�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �s�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n� �p�h�a�s�e�,� 

�t�h�e� �C�-�S�o�u�r�c�e� �B�u�i�l�d�e�r� �a�u�t�o�m�a�t�i�c�a�l�l�y� �g�e�n�e�r�a�t�e�s� �C�-�b�a�s�e�d� �s�o�u�r�c�e� 

�f�i�l�e�s�.� �T�h�e� �s�o�u�r�c�e� �c�o�d�e� �g�e�n�e�r�a�t�o�r� �c�o�n�s�t�r�u�c�t�s� �e�x�t�e�r�n�a�l� �(�g�l�o�b�a�l�)� 

�a�n�d� �f�u�n�c�t�i�o�n� �d�e�f�i�n�i�t�i�o�n�s� �f�r�o�m� �i�n�f�o�r�m�a�t�i�o�n� �f�o�u�n�d� �i�n� �m�o�d�u�l�e� 

�s�p�e�c�i�f�i�c�a�t�i�o�n�s�.� �T�h�e� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r� �c�a�n� �c�h�o�s�e� �t�o� �p�l�a�c�e� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�a�i�l�s� �i�n� �t�h�e� �m�o�d�u�l�e� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �a�n�d� �d�a�t�a� 

�d�i�c�t�i�o�n�a�r�y� �t�o� �e�n�s�u�r�e� �c�o�m�p�l�e�t�e� �c�o�d�e� �g�e�n�e�r�a�t�i�o�n�.� �I�n� �f�a�c�t�,� �i�t� �i�s� 

�p�o�s�s�i�b�l�e� �t�o� �p�l�a�c�e� �C� �c�o�d�e� �d�i�r�e�c�t�l�y� �i�n� �t�h�e� �m�-�s�p�e�c� �w�h�i�c�h� �w�i�l�l� 

�l�a�t�e�r� �b�e� �e�m�b�e�d�d�e�d� �i�n�t�o� �t�h�e� �f�i�n�a�l� �p�r�o�d�u�c�t�.� �S�o�u�r�c�e� �c�o�d�e� �f�i�l�e�s� 

�b�u�i�l�t� �b�y� �t�h�e� �C�-�S�o�u�r�c�e� �B�u�i�l�d�e�r� �c�a�n� �b�e� �c�o�m�p�i�l�e�d� �a�n�d� �l�i�n�k�e�d� 

�u�p�o�n� �c�o�m�p�l�e�t�i�o�n�.� �T�h�e� �s�o�u�r�c�e� �b�u�i�l�d�e�r� �e�n�a�b�l�e�s� �e�a�s�y� �e�d�i�t�i�n�g� �o�f� 

�m�o�d�u�l�e� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �a�n�d� �d�a�t�a� �d�i�c�t�i�o�n�a�r�i�e�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�a�b�i�l�i�t�y� �t�o� �s�t�o�r�e� �s�o�u�r�c�e� �c�o�d�e� �f�o�r� �c�o�m�m�o�n� �o�r� �r�e�p�e�a�t�e�d� �u�s�e�.� �T�h�i�s� 

�t�o�o�l� �l�e�v�e�r�a�g�e�s� �t�h�e� �t�h�i�r�d� �s�t�e�p� �i�n� �t�h�e� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �l�i�f�e�-� 

�c�y�c�l�e�;� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �c�o�d�i�n�g�.� 

�F�i�g�u�r�e� �1�3� �s�h�o�w�s� �h�o�w� �t�h�e� �I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t� �o�p�t�i�o�n� �a�p�p�e�a�r�s� �w�i�t�h�i�n� �t�h�e� �T�e�a�m�w�o�r�k� 

�f�r�a�m�e�w�o�r�k�.� �F�r�o�m� �t�h�e� �f�i�g�u�r�e� �i�t� �i�s� �e�v�i�d�e�n�t� �t�h�a�t� �t�h�e� �I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t�,� �a�s� �i�t� �a�p�p�e�a�r�s� �t�o� 

�t�h�e� �u�s�e�r�,� �c�o�n�s�i�s�t�s� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �m�e�n�u� �s�e�l�e�c�t�i�o�n�s�:� 

�I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t� �5�9
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�F�i�g�u�r�e� �1�3�:� �I�n�t�e�g�r�a�t�i�o�n� �t�o�o�l�k�i�t� �i�n� �C�A�S�E� �e�n�v�i�r�o�n�m�e�n�t�.� 

�I�n�t�e�g�r�a�t�i�o�n� �T�o�o�l�k�i�t� 

� � 

 ��S�o�u�r�c�e� �C�o�d�e� �F�i�l�e�n�a�m�e�:� �g� �c�l�o�s�e� �s�e�c�k�.�c� 

�S�p�e�c�i�a�l� �C�o�n�s�i�d�e�r�a�t�i�o�n�s�:� �N�O�M�E� 

 ��T�o� �c�l�o�s�e� �a� �s�o�c�k�e�t� �w�h�i�c�h� �i�s� �n�o� �l�o�n�g�e�r� �a�c�t�i�v�e� 
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